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HOWARD AUSTIN EDSON, 1875-1960 
Paul R. Miller 


Howard Austin Edson. a charter and life member 
of the American Phytopathological Society, died Feb- 
ruary 29, 1960, in Washington. D. C.. at the age of 84. 

Dr. Edson had a long career in the Federal govern- 
ment. For about 6 vears. 1927-33. he was Chief 
Examiner in the Civil Service Commission. Except 
for that interlude he was employed by the Department 
of Agriculture. in the old Bureau of Plant Industry 
and its successors. from 1910 until his retirement. in 
1945. His first appointment was as Phy siologist in the 
Office of Cotton, Truck. and Forage Crop Disease 
Investigations. In 1924 he became Senior Pathologist 
in Charge of that Office. When his service as Chief 
Examiner ended, Dr. Edson returned to the Bureau of 
Plant Industry as Principal Pathologist in Charge. 
Division of Mycology and Disease Survey. He re- 
mained head of the Division until he retired. During 
the two years just before his retirement he was also 
responsible for the Emergency Plant Disease Preven- 
tion Program, a country-wide crop protection service 
operated by the Department of Agriculture under 
special authorization in 1943-45. The speedy organiza- 
tion and successful administration of the Program were 
an extreordinary achievement and a fitting climax to 
Dr. Edson’s career in the Department. 

Dr. Edson was born August 14. 1875. at Randolph. 
Vermont. He was educated in the Vermont public 
schools. Vermont State Normal School, the University 
of Vermont. and the University of Wisconsin. Before 
entering the University of Vermont he had some 5 years 
of varied farm. mercantile. and teaching experience. 
He received the B.S. degree in 1906 and the MLS. 
degree in 1910 from the University of Vermont. and 
the Ph.D. degree in 1913 from the University of Wis- 
consin. While doing graduate work at the University 
of Vermont he held various teaching and research 
positions. His University training was largely in 
chemistry, physiology. and _ bacteriology. 

Dr. Edson thoroughly aiieell’ tle varied types of 
research in the Office of Cotton, Truck. and Forage 
Crop Disease Investigations. He was most interested 
in biochemical studies on fungus nutrition and metab- 
olism in relation to parasitism. His contributions to 
knowledge on this topic were fundamental. He also 
investigated diseases of sugar beet. potato. and other 
vegetables. In 1914 he was sent to Europe to study 
sugar beet and potato diseases there. and in 1916 he 
made a plant disease survey in the Philippine Islands. 

In spite of his excellent research record. Dr. Edson 
became most noted for his outstanding ability in ad- 
ministration and his active interest in personnel rela- 
tions. Twice during the early part of his Departmental 
career he was detailed to work with groups studying 
reclassification of scientifie positions and allocation 
of scientific personnel. His appointment as Chief 
Examiner in the Civil Service Commission was a 
natural sequel to his work on reclassification. To a 


greater degree than most other scientists, Dr. Edson 
possessed interest in personnel problems, capacity 
for objective appraisal, and talent for administration, 
besides an intimate knowledge of scientific require- 
ments, all qualities indispensable for setting up stand- 
ards of scientific accomplishment and only rarely 
combined in one person. 

Dr. Edson’s interest in personnel welfare was not 
limited to administration but included the employee's 
outlook as well. He was active in the National Feder- 
ation of Federal Employees, an employee union, both 
throughout his government service and after retire- 
ment, and he was instrumental in establishing and 
building up the Agricultural Employees’ Credit Union. 

Dr. Edson was Treasurer and Business Manager of 
the American Phytopathological Society from 1935 to 
1943, a time of economic stress during which his guid- 
ance maintained the Society on a sound financial basis. 
There was plenty of opposition to his financial policy. 
and many members objected strenuously to what they 
considered his excessive caution. Dr. Edson regarded 
good investment and saving as important to the future 
welfare of the Society. His firm stand made him un- 
popular for a time, but in the long run the Society was 
undoubtedly the gainer. 


HOWARD AUSTIN EDSON 
1875.-1960 
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Other scientific groups to which Dr. Edson belonged and a commissioner of the Washington Presbytery. 


included the Washington Academy of Science, the In 1956 Dr. Edson‘and his wife, the former Miss 
Botanical Society of America, the Washington Botan- Lillian Buck of Vermont. celebrated their fiftieth wed- 
ical Society, the Vermont Botanical Society, the ding anniversary. Mrs. Edson died the following year. 
American Association for the Advancement of Science. A daughter, a son, and several grandchildren survive. 
of which he was a fellow, the Cosmos Club of Wash- Dr. Edson was basically a friendly person, but he 
ington, and the honor societies Phi Beta Kappa. Sigma had his share of Mew England reserve and determina- 
Xi. and Phi Delta Theta. tion. The qualities that most impressed all who knew 

Dr. Edson was a member of the National Presby- him were his magnanimity. his frankness, and above 


terian Church, which he served as elder for 30 years, all his complete integrity. 


SELECTIVITY OF FUNGICIDAL MATERIALS IN AGAR CULTURES 
QO. Vaartaja 


Contribution No. 615, Forest Biology Division, Research Alexander (10) thus isolated Thielaviopsis basicola 


Branch, Department of Agriculture, Ottawa, Canada, and (Berk. & Br.) Ferr. from soil by using carrot tissue 
No. 41, Canada Department of Agriculture Research Sta : 


tion, Saskatoon, Saskatchewan. ae 
Accepted for publication May 16, 1960. vukaren and Horner (14) used agar containing strep- 


tomycin and alcohol (5500 ppm) in isolating F erticil. 
a lium albo-atrum Reinke & Berth. from soil. Papavizas 

olerance of fungi to synthetic and natural fungici- and Davey (15) isolated Rhizoctonia solani. Kihn 
dal materials was studied in agar cultures. Many of ; 
the 43 materials exerted selective action on 10 species 
representing different fungal groups. Pythium de- 
baryanum and Phytophthora cactorum tolerated 3 


polyene antibiotics at concentrations inhibitory to 
other species tested, and were inhibited by aureomycin and select others by using selective fungicides. Barker 


soaked in a streptomycin solution as “bait.” Nadaka- 


SUMMARY 


with pieces of Fagopyron as bait plated on media con- 
taining 50 ppm of aureomycin, neomycin, and strepto- 
mycin, 

It should also be possible to suppress certain fungi 


at rates tolerated by most others. Phytophthora and Martinson (1) used pentachloronitrobenzene to 


cactorum tolerated tannins and certain fungicides bet- prevent Rhizopus stolonifer (Ehr. ex Fr.) Lindau from 
ter than P. debaryanum. Rhizopus stolonifer was in- — overgrowing other fungi in soil sampling tubes. Vaar- 
hibited by pentachloronitrobenzene at concentrations taja (19) found that several compounds were more 
tolerated by all others. Trichoderma viride was in- effective against Pythium debaryanum Hesse than 


hibited by a duramycin mixture at concentrations 
tolerated by all others. Pellicularia praticola tolerated 
many materials better than most of the fungi. but with : 
2 experimental fungicides (B-856 and C-272), captan, that chloronitrobenzenes were tolerated better by 
and Dyrene the situation was reversed. Russula sp. 
tolerated duramycin mixture. Dvrene. neomycin, and genera. Schneider (17) used cycloheximide and strep- 


thiram at concentrations inhibitory to Mucor raman-  tomycin in isolating Graphium ulmi Schwarz from 


against Pellicularia praticola (Kotila) Flentje in a 
fungicide test on corn-meal agar. Reavill (16) found 


Pythium spp. than by species of several other fungal 


nianus. This selectivity might be utilized in isolating wood; this fungus was suppressed less than various 
pathogens and in indirect biological disease control —¢ontaminants. 


with fungicides tolerated by antagonistic saprophytes. This study describes a systematic effort to demon- 
strate the selective effects of a variety of chemicals on 

In studies of fungal soil flora by the plate technique. isolates representing different fungal groups. 
rose bengal at about 30 ppm may be used to inhibit Methods. Antibiotic materials and synthetic com- 


many bacteria and actinomycetes. Smith and Dawson pounds of chemically different types were selected. 
(18) found it more useful than boric acid, benzoi The following 43 materials were tested, each at 4 con- 
acid, or Chrysoidine Y. Rose bengal (18). crystal centrations: 


violet (9), and oxgall (13) have the additional ad feti-dione, cycloheximide (3-| 2-(3.5-dimethy!-2- 
vantage of reducing the spread of many fast-growing  oxocyelohexyl)-2-hydroxvethyl | glutarimide) at 4, 20, 
fungi, such as Rhizopus and Trichoderma spp. Bac 100. 500 ppm (previded by Upjohn Company): A/lba- 
teria are further inhibited when streptomycin at 30 mycin (novobiocin). antibiotic at 4. 20, 100, 500° ppin 
100 ppm is combined with some of these, usually with (Upjohn Company): Anisomycin, antibiotic at 4, 20, 
rose bengal. Such combinations are now widely used = 100, 500 ppm (Chas. F. Phzer Company): aureomy- 
in soil platings (9, 11, 12). Penicillin G (2). aureo- — cin, chlortetraeycline (7-chloro-4-dimethylamino-1.4.4a, 
mycin (3, 8). and novebiocin (7) have been used in 5,5a.6.11.12a-octahydro-3.6,10,12,12a-pentahydroxy-6- 
the same way as streptomycin. In isolating basidio- | methyl-1.11-dioxo-2-naphthacenecarboxamide) at 0.2, 
mycetes from soil, Warcup (20) added either strepto- 91,5, 25 ppm: B-856, 1,3-dichloro-5.5-diphenylhydantoin 
mycin or wheat straw to the media to suppress bacteria. at 2, 10. 50, 250 ppm (Ethyl Corporation); Biayer) 

Selective chemicals should also be useful in isolating 22555, p-dimethylaminobenzendiazo sodium sulfonate 


root pathogens from soil or infected plants. Maloy and at 3, 14, 70, 350 ppm (Chemagroe Corporation) : 
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Table 1. 


Control With 
Fungus medium VL 8 
Rhizopus stolonifer 21 l 
Trichoderm 1 viride 7 LS 0 
Rhizoctonia solani 8 0 0 
Streptomyces sp. 2 
Pythium debarvarum 14 i4 14 
Ph y tophthora cactorum 3.8 3.8 3.3 
Thielaviopsis basicola 1.1 1.1 BY 
Vucor ramannianus 2.3 13 0 
Russula sp. 1.1 ] 0 
Boletus granulatus 0.9 0.3 0 
* Concentration of these antibiotics: (very low) 


high) 500 ppm. 

\-(trichloromethylthio -4-cyclohexene-1,2- di- 
carboximide at 2. 10, 50. 250 ppm: catechol at 4, 20, 
100, 500 ppm: cinnamic acid at 4, 20, 100, 500 ppm; 


captan, 


coumarin at 4, 20, 100, 500 ppm: C-272, trans-1,2- 
bis(ethylsulfonylethylene) at 0.8, 4. 20. 100) ppm 


(Chemagro Corporation); dimethyl formamide at 4, 
20. 100, 500 ppm: d-sorbitol at 4, 20, 100, 500 ppm; 
duramycin, a mixture of antibiotics called F-17 and 
20. 100, 500 ppm 
S. Depart- 


largely containing duramycin, at 4. 
(Northern Utilization Research Branch, U. 
of Agriculture. Peoria, Ill): 2.4- 
dichloro-6-( o-chloreaniline -2-triazine at 2. 10, 50, 250 
ppm (Chemagro Corporation): ethyl alcohol at 8, 40, 
200. 1.000 ppm: gallic acid at 4, 20, 100, 500 ppm: 
gladiolic acid, antibiotic at 2, 10, 50, 250 ppm: griseo- 
fulvin, antibiotic at 4, 20, 100, 500 ppm; Karathane, 
2-(1-methylheptyl) -4.6-dinitrophenyl crotonate and 
isomers. at 0.9, 4.5, 23. 46 ppm: Mycostatin (nystatin), 
polvene antibiotic at 4, 20, 100, 500 ppm: neomycin, 
antibiotic at 3. 15, 75, 350 ppm: nootkatin, antibiotic 
at 4. 20. 100. 500 ppm (Forest Products Laboratory, 


ment Dyrene, 


oligomycin, antibiotic at 4. 20. 100, 
PCNB, penta- 
75. 350 ppm: phytoactin, 


Vancouver. B. C.): 
500 ppm (Chas. F. 
chloronitrobenzene at 3, 15, 
e antibiotic at 1, 5, 25. 125 ppm (Pabst Lab- 


Pfizer Company) : 
polypeptid 
oratories): pimacrin, polyene antibiotic at 4, 20, 100, 
500 ppm: pinosylvin, antibiotic at 4, 20, 100, 500 (Dr. 
Sweden): pinosylvin mono- 
pyrogallol at 4. 20, 100, 
100. 


rose bengal at 


Erdtman. Stockholm. 
methyl ether (as pinosylvin) : 
500 ppm: Rimocidin, polyene antibiotic at 4, 20, 
500 ppm (Chas. F. Phizer Company): 
1, 20. 100. 500 ppm: sodium metabisulfate at 1. 20, 
100, 500 ppm: sodium propionate at 4, 20, 100, 500 


sodium taurochocolate at 4, 20. 100, 500° ppm: 


ppm: 

spruce bark (powder from Picea glauca (Moench) 
Voss. at 8. 40, 200, 1000 ppm: streptomycin sulfate at 
1. 20. 100, 500 ppm: tannic acid at 4, 20, 100, 500 


ppm: taxifolin, antibiotic at 4, 20. 100 500 ppm (For- 


est Products Laboratory. Vancouver, B. C.): thiram, 
bis(dimethvlthiocarbamovl) disulfide at 3, 15. 75, 350 
ppm: thujaplicin, antibiotic at 4. 20, 100, 500) ppm 


(Forest Products Laboratory, Vancouver. B. C.); 


ustilagic acid, antibiotic at 4, 20, 100, 500 ppm (Dr. 
R. Haskins. 


National Research Council. Prairie Re- 


4 ppm: L (low) 


Effects of 2 antibiotics on growth of the test fungi in corn-meal agar. 


OF FUNGICIDES IN AGAR 871 
Daily radial growth rate (mm) 
Mycostatin * 7 With Acti-dione * 
H \H WE, L H VH 
0 0 14 9.3 l 0 
0 0 3 2 0 0 
0 0 3 2.1 5 0 
0 0 Ts 3.3 0 0 
12 10 0 0 0 0 
3.0 1.7 0 0 0 0 
0 0 0 0 0 0 
0 0 2.0 1.4 6 0 
0 0 0 0 0 0 
0 0 0 0 0 0 


20 ppm; H (thigh) 100 ppm; VH (very 


Sask.). czineb, zine 
at 2.6, 13, 65, 325 ppm. 

The materials were mixed in melted corn-meal agar 
cooled to about 60°C and immediately poured into 
Petri dishes. The dishes were seeded with the follow- 


gional Laboratory, Saskatoon, 


ethylenebis| dithiocarbamate 


ing species. 

1) Rhizopus stolonifer, saprophyte, common aerial 
contaminant: 2) viride Pers. ex Fr., 
saprophyte. very common in most soils; 3) Fusarium 
solani (Mart.) App. & Wr.. saprophyte, very common 
in most agricultural soils; 4) Rhizoctonia solani (per- 
fect stage: Pellicularia praticola), virulent seedling 
pathogen, common itt many forest nurseries and_per- 


Trichoderma 


haps in many agricultural soils; 5) Streptomyces sp., 
saprophyte with strongly antagonistic ability against 
a large number of other fungi, common in neutral and 
alkaline soils: 6) Pythium debaryanum, virulent un- 
specialized seedling pathogen, very common in most 
agricultural soils; 7) Phytopthora cactorum (Leb. & 
Cohn) Schroet.. unspecialized pathogen, common in 
Thielaviopsis basicola, 


agri- 


certain agricultural soils: 8) 
unspecialized pathogen, 
cultural soils; 9) Mucor ramannianus Moller, sapro- 
10) 


Russula sp.. possibly a mycorrhizal fungus, common in 


common certain 


phyte and epiphyte, very common in forest soils; 


forest soils. 

These isolates originated in Saskatchewan or Mani- 
toba diseased tree seedlings in forest nursery 
soils, except that no. 1 was from a pine seed. no. 2 
from a orchid root, and no. 10 from a fruiting body. 

All the chemicals these 10 


isolates. The most interesting findings were retested 


from 


were tested once with 
Some of the chemicals were 


other 


in at least 5 replications. 
with further 
fungal species, as reported in more detail in the re- 
Among these was Boletus granulatus (L.) Fr. 


also tested isolates of these and 
sults. 
(Table 1). a common mvcorrhizal fungus. The iso- 
late was obtained from a fruiting body in Saskatche- 
wan. 

The cultures were incubated at room temperature, 
When the control colonies of an isolate reached about 
half the diameter of the plate, the radial growth was 
measured for all tests of the isolate. Records of the 


lowest concentrations totally inhibitory and of those 
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Table 2. Concentration’ of antibiotics and fungicides required to inhibit various fungi. 

Tricho Rhizo Strepto- Pythium  Phytoph- Thiela- Vucor 
Rhizopus dern Fusarium tonia myces debar thora viopsis raman- Russula 

Material stoloniler vir solani solar sp. yonum coctorem hasicola nignus sp. 
PENB vi Vi 
Durée mycin VH H H VH VH H VH! 
Rimecidin VI Vi Vi l L | 
Pimacrin H I L” H 
Mycostatin H | H VI H L 5, 
B-856 VH VI H L' H! H' VH VH' 
Captan I H H H* L' H H 
Dyrene H VH | I VH H 
Albamycin VI H VH! 
Rose bengal | VH VH' VH H VH' 
Streptomycin VH 
Neomycin VH \H' 
Aureomycin H"! VH 
C-272 VH | | H VH H 
Thiram | H | I VI | VI H! 
Catechol \H VH H VH VH H' 
Tannie acid VH VH VH \H 
Gallic acid VH VH VH’ VH 
Pyrogallol VH \H | H' | H H 
Sodium meta 

bisulfate H VH H H H' H” H' 
Actidione H VH! H VI Vi? vi" VH? VH 
B. 22555 ‘H H Vil H H' VH af H 
Zineb VH VH \H VH'! Vu H \H 
Ustilagic acid H VH VH' H H \H H 
Thujaplicin I H H VI L VI VL 
Karathene VH ‘Hu H' L 


* Inhibition was complete at concentrations given. The con-entrations \H (very high), H thigh), Lo (low), and VL 


(very low) varied for each material as listed in the text. 
Particularly effective inhibition 
* Unusual tolerance. 


” Partial inhibition (growth rete reduction 15°) at any lower concentration. 


indicates no inhibition at VH 
allowing only limited (< 25°) ) growth were tabulated 
for all materials. 

Results and discussion... Talle | gives examples of 
actual growth rates and types of selectivity. Table 2 
compares most of the materials. excluding those with 
little or no selectivity. 

The selective materials in Table 2 are arranged as 
closely as possible so that those mainly inhibitory to 
the isolates on the left are given first. Thus, the first 
material, PCNB. inhibited the first isolate. R. stoloni- 
fer at the lowest concentration tested but had no effect 
on most of the other isolates: the second material, 
duramycin mixture, was especially effective on the 
second isolate. Trichoderma viride: and so on. 

Rimocidin, pimacrin, and Mycostatin, which were 
tolerated by Pythium debarvanum and Phytophthora 
cactorum, belong to the polyene group of antibiotics. 
The results suggest that these may be used in isolating 
fungi of this group. Further tests were made with 6 
more isolates of Pythium spp. and P. cactorum and 
miscellaneous other fungi. The results indicate that 
the tolerance is common in, and mainly limited to. this 
group of fungi. Only one of the other isolates, Wucor 


sp.. tolerated these antibiotics almost as well as 
Pythium. 

It was found that heat destroys polyene antibiotics. 
According to Dekker and Ark (4) these compounds 
may be oxidized in the presence of water and oxygen. 


but the oxidation is counteracted by ascorbic acid, 
gallic acid, and other compounds. In consideration of 
the risk of oxidization, a high concentration should 
be used in isolations. Most Pythiaceae tolerated con- 
centrations of about 500 ppm. 

The results in Table 2 as well as in tests with 6 
other isolates suggest that Phytophthora cactorum can 
be separated from the usually faster-growing Pythium 
spp. through its better tolerance of C-272. thiram. and 
tannins (tannic acid. gallic acid, catechol, pyrogallol). 
It remains to be seen whether this is true with all 
isolates and species of these genera. 

The high activity of PENB on R. stolonifer, referred 
to in the introduction. was confirmed. Unfortunately, 
an isolate of Mucor sp. tolerated PCNB somewhat 
better. This chemical reduced but did not inhibit the 
growth of many fungi. The reduction was especially 
pronounced with Trichoderma viride 

These results. as well as those published earlier (5, 
19). show that Rhizoctonia solani can be selected by 
suppressing other fungi with various chemicals. One 
possibility. for instance, is to use a medium contain- 
ing aureomycin (at 500 ppm) against bacteria. Strep- 
tomyces, and Pythiaceae, and PCNB (20 ppm) against 
R. stolonifer and Trichoderma spp. An_ isolate of 
Rhizoctonia repens Bernard from roots of Goodyeara 
sp. behaved similarly to the R. solani (P. praticola) 
in the tables. 
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Selective isolation of such slow-growing fungi as 
Thielaviopsis basicola is especially difficult. It might 
be done, however, with a medium containing various 
combinations of several materials. Further testing is 
needed to determine the best concentrations. The re- 
sults in Table 2 suggest a combination of Mycostatin, 
Dyrene. or B-856 (against R. solani), PCNB (against 
R. stolonifer and T. viride), and 


Pythiaceae and Fusarium solani). 


neomycin (against 

The few materials selectively effective (but only to 
a limited degree) against Fusarium solani were neo- 
mycin at 500 ppm, PCNB at 250 ppm, and sodium 
(to Rhizoctonia solani at 100 


metabisulfate select 


ppm). 

The few tests for materials selective against Glio- 
cladium sp. and Penicillium spp. were mostly unsuc- 
cessful. Some promise was shown by PCNB, duramy- 
cin. zineb. and Karathane. The duramycin prepara- 
The 


with 


tion used contained other antibiotics well. 


promising results obtained should be 


as 
retested 
purer materials. Hampton and Buckholtz (6) reported 
that of 
graminicolum Subramaniam. That was not so with P. 


coumarin stimulates sporulation Pythium 


debaryanum in my tests. 


Vucor ramannianus was included to test for selec- 


OF FUNGICIDES IN AGAR 873 
grows faster than mycorrhizal fungi. The results sug- 
gest that thiram, neomycin, Dyrene, pimacrin, and 
duramycin may be selective if used at exactly the right 
concentrations. Further tests with various isolates of 
basidiomycetes showed, however. that the only ( possi- 
bly) mycorrhizal isolate (Russula sp.) used with all 
the chemicals cannot all the variety of re- 
Differing from Russula sp., 


isolates of Boletus granulatus and B. luteus L., for in- 


represent 
sponses in these fungi. 


stance, were greatly inhibited by 10 ppm of pimacrin 
but tolerated 10 ppm of Rimocidin well. These were 
stimulated by 8 and 40 ppm of captan, which contains 
plenty of nitrogen. This suggests that further tests 
should be made with a richer medium. 

The results in the tables also suggest useful selec- 
tivity in disease control. If a soil fungicide suppressed 
the main pathogen but not the antagonistic sapro- 
phytes, it may exert an indirect biological control in 
addition to the direct one (19). Such appears possible 
especially with Mycostatin, B-856, captan, and Dyrene 
(against Rhizoctonia). thiram, the tannins, Albamycin 
Acti-dione, B-22555 Pythia- 
ceae), and zineb. ustilagic acid. thujaplicin, and Kara- 
thane (against T. basicola). Albamycin (novobiocin) 
may be especially useful against Streptomyces scabies 
(Thaxter) Waksm.—Forest Biology Laboratory, Cana- 


(novobiocin (against 


tive inhibition in isolations from mycorrhizae of forest’ da Agriculture Research Station, Saskatoon, Sas- 
trees. VW. ramannianus is common on tree roots and katchewan. Canada. 
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st MMARY 


In tissue culture characteristic symptoms are induced 
by Meloidogyne hapla, Meloidogyne incognita incog- 


nita, and Vacobbus hatatiformis. The differences are 


particularly evident with respect to stimulation or in- 
hibition of reot hairs and epidermal cells. The three 
species induce root galling and the symptom differ- 
ences by surface-feeding or after entrance of nematodes 
into a common host. 


During a physiological study of nematode diseases 
in tissue culture certain symptoms were induced by 
(Kofoid & White) 


Chitwood (1). The study was continued with other 


Veloidogyne incognita incognita 


rootgalling species to see if morphologic symptoms in 
infected plants differ with different species. We have 
shown (1) that M. incognita incognita induces galls 
by surface feeding: herein we report observations on 
gall induction by surface-feeding of three root-galling 
nematodes, and differentiate them by the reaction of a 
common tissue-culture host. 

Materials and methods. Cultures of the nematodes 
were obtained from plants grown in the greenhouse. 
Meloidogyne hapla Chitwood and M. incognita incognita 
were grown on tobacco ( Vicotiana tabac “um AP and 
Nacobbus batatiformis Thorne & Schuster (4.5) was 
maintained on sugar beets (Beta vulgaris L.). The egg 
sacs of the root-knot nematodes ( Veloidogyne spp.) 
and Cobb’s galling nematode (\. batatiformis) were 
obtained from the roots of infected plants by washing 
them in running tap water until they were free from 
soil particles. Fifty egg sacs of each root-galling nema- 
tode were sterilized and agitated 4 minutes in a test 
Purex (5.250 NaOCl) 
This procedure broke up the egg sacs and 


tube containing 5 ml of 10°, 
surface-sterilized the eggs. The suspension of eggs 
was poured into a glass tube containing 50 ml of 
sterile distilled water. The nematode eggs that settled 
out in about 25 minutes were drawn off (with mini- 
mum liquid) through a tap at the bottom of the tube 
into 10 ml of triple-strength modified Heller's solution 
(1) adjusted to pH 6.5. 
lated the emergence of larvae from eggs. 


This nutrient medium stimu- 
The proce- 
dure diluted *he Purex and separated the larger. 
heavier eggs (which give rise to larvae) from smaller 
eggs (which usually do not 

Individual hatched larvae were placed 3 mm from 
the tips of excised roots or intact roots of Kokomo 
Mill.) 
Each 


dish contained one seedling or one excised root and 


variety of tomato (Lycopersicon esculentum 


seedlings growing aseptically in Petri dishes. 


374 


COMPARISONS OF MELOIDOGYNE HAPLA, 


AND NACOBBLS BATATIFORMIS 
Sullivan 


about 35 ml of 16 agar medium (White's minerals 
(7)). adjusted to pH 6, containing 1°) cellobiose and 
O.lmW ferric chelate (1). 
nematode species consisted of 20 Petri dishes and 4 


Each experiment for each 


uninoculated control dishes. Tomato seeds were 
treated 15 minutes with 10° Purex. rinsed in sterile 
distilled water, and transferred to moist filter paper 
in Petri dishes to germinate. When the seedling root 
was about 3 em. long. 1 em of the tip was excised 
for tissue culture. When whole seedlings were used. 
the intact seedling was transferred to the artificial 
medium. 

Results. About 60° of the larvae infected the roots 
and induced the described symptoms at the site of the 
galls. Consistent differences in morphologic symptoms 
induced by the nematode species were apparent on 
roots either below or near the agar surface (Fig. i). 
WV. incognita incognita “prevented” root hair forma- 
tion on the gall. This was more noticeable on galls 
near or on the agar surface. The epidermal cells of 
the galls tended to be square in outline: in three 
dimensions they would appear isodiametric. MW. hapla 
induced root hair formation on subsurface galls. Root 
hair development was greater on galls at the agar 
surface than on the root surfaces adjacent to the gall. 
The epidermal cells were comparable in shape to the 
example mentioned for M. incognita incognita. \V. 
batatiformis prevented root hair formation at the site 
of the gall. This nematode produced symptoms differ- 
ing from symptoms produced by the species in that 
most of the epidermal cells of the induced galls became 
almost spherical. Vacobbus also caused necrosis. 
which was quite evident in the areas where they fed. 
The other two species were less destructive from this 
standpoint. 

The larvae of all three species were capable of in- 
ducing gall formation by surface feeding. The symp- 
toms as described accompanied gall formation when 
these larvae surface-fed or after they entered the host 
root. 

Sasser (2) has shown that 
of Meloidogyne could be differentiated through the 
plant species. Only WV. hapla 


Discussion. 5 species 


reaction of several 
differed from 4 other species in type of galling. It 
would be more desirable to limit the number of plant 
species and save time. Our tissue-culture work shows 
that 2 Meloidogyne species and Nacobbus batatiformis 
affect the host in a characteristic manner. The proce- 
dure is much simpler and takes less time than Sasser’s. 
It also has advantages for the biologist who is not 
adept at identifying reot-knot nematodes by the peri- 
neal pattern technique. The hope is that the tech- 
nique can differentiate other Meloidogyne spp. not 
immediately available at the time of the initial experi- 
ments. Differentiation or identification by the method 


> 

r 
s 
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described would be facilitated by a common host for 
all the root-knot nematodes. Tomato is such a host 
for 5 species of Meloidogyne (3). Our method is 
offered. not as a substitute for the method based on 
the morphology of the adult female. but rather as 
supplementary. It is probable that minor differences 
in pathogenicity within the same species may be de- 


Fig. 1. Characteristic morphologic symptoms by 3 root- 
galling nematodes on surface and subsurface galls in tomato 
roots in nutrient agar medium. A) Veloidogyne hapla galls 
in subsurface root. B) WV. incognita incognita galls in 
surface root. C) Nacobbus batatifermis galls in surface 
root, 
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tected. Thus, pathogenic races may be recognized 
or differentiated by our method. 

Another point of interest is that M. hapla induces 
or increases root hair formation and M. incognita 
incognita prevents it. M. hapla in soil experiments 
causes a proliferation of secondary reots and V. incog- 
nita incognita does not. With these species, root hair 
induction may be correlated with secondary root stimu- 
lation insofar as M. hapla and M. incognita incognita 
are concerned. \. batatiformis, however, must operate 
in a somewhat different fashion. for it prevents /root 
hair formation in tissue culture and induces secondary 
root development in soil tests (4. 5). A relation be- 
tween root hair and secondary root initiation may be 
invalid in light of the different sources of the two 
entities: a root hair is a mere extension of the exte- 
rior cell wall of an epidermal cell! and a secondary 
root originates from the pericycle. The inciting agent 
for both. however, may be similar. Plants infected 
with the root galling nematodes, presumably. would 
be differentially affected insofar as water absorption 
capacities are concerned depending upon species that 
were involved. 

It has been assumed that galls are not formed until 
some time after the larvae of root-knot nematodes 
have entered the host. Tyler (6) found that root 
penetration by root-knot nematode larvae and gall 
formation in Petri-dish cultures require 4 days at 
15.0°C, decreasing to 21 hours at 35.0°C. Our studies 
confirm previous work in our laboratory (1) on indue- 
tion of gall development by surface feeding of M. 
incognita incognita, and also demonstrate that second- 
stage larvae of M. hapla and \. batatiformis are ca- 
pable of gall induction on roots by surface feeding. 
This phenomenon is more common than had been 
realized. 

The secretions given off by the three root-galling 
nematode species evidently differ somewhat, for they 
differ in the morphologic symptoms they induce. The 
differences in secretions may be quantitative rather 
than qualitative. although other symptoms make that 
unlikely. It has been suggested that nematode excre- 
tions are one of the agents inciting root-knot forma- 
tion. That theory is not supported by the rapid de- 
velopment of galls with surface-feeding. 
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SUMMARY 


Peridermium harknessii is a damaging parasite of 
western pine trunks. Host cambium is stimulated to 
produce galls that contain more than 5 times the 
normal percentage of ray parenchyma. There is a 
high correlation between rust and host growth rate: 
lateral advance of the rust from the edges of trunk 
cankers is. on the average. about twice the bost’s an- 
nual radial increment. This rate is usually insufficient 
to girdle and kill trunks quickly. so that live rust 
mycelia 200 years old are not uncommon. 


Anatomical studies have been reported for 4 of the 
dozen or so pine stem rusts native to America. West- 
ern gall rust (Peridermium harknessii Moore, mono- 
karyotic stage of a Cronartium) has been examined 
in branch galls (7, 13), but not in its more important 
trunk cankers. These occur on several pine species, 
but in the Rocky Mountains are particularly abundant 
and damaging on lodgepole pine (Pinus contorta 
Doug. ex Loud.). 

Mvcelia of the Cronartium species on pine are simi- 
lar; thus Jackson and Parker's summary description 
of Cronartium fusiforme (4) is applicable to western 
gall rust. except that the latter penetrates tracheids 
and goes dee» into the xylem. and its galls are not 
usually spindle-shaped. Differences in hyphal di- 
ameters reported for various species may be. signifi- 
cant. but should be checked by a single worker using 
one method of measurement. If truly different. the 
hyphae of C. ribicola, C. occidentale, and C. comp- 
toniae would constitute the “large” class—about 5 p 
diameter in wood rays (1. 2). €. fusiforme is in a 
“middle” group—about 3.5 4 (4)—and Peridermium 
giganteum is shown to have hyphae less than 2 4 in 
diameter (10). 

Growth characteristics of the pine rusts vary greatly 
by species. P. filamentosum is said to be systemic and 
capable of spreading about 40 em per year vertically 
in trunks (8). Fusiform rust cankers on slash pine 
trunks elongate about 13 cm per year (12). P. stalacti- 
forme on lodgepole about 18 em per vear (9). and C, 


ribicola on western white pine 5-20 em per year, the 
lower values on branches and the higher on trunks 
(6). Lateral growth is 0.6-1.2 em per year for P. 
9). and 


stalactiforme, which seldom girdles its hosts 


6-9 em for C. ribicola, which consistently girdles (6). 
There has been little emphasis on the relation of rust 
growth to host tree growth, and in fact for one fir 
stem rust. Roth (11) reported that no such relation- 
ship exists. Lachmund (6) found for C. ribicola that 
growth seems to be only occasionally related to host 
vigor. 

Techniques. Blocks from rust cankers in lodgepole 
pine were cut during the spring and summer of 1958. 
Infested tissue was fixed in formalin-acetic acid, see- 
tioned freehand or with a sliding microtome, and 
stained with orseillin and aniline blue according to 
Jewell’s schedule (5). About 120 slides prepared in 
this manner were examined. Measurements of hyphae, 
haustoria. and host cells were checked in fresh water 
mounts and in chromic-acetic fixed specimens, where 
they proved similar to those in FAA preparations. 

Rust growth was studied by means of ring measure- 
ments in sections sawed from the centers of cankers 
(Fig. 1). Sections were cut in the main plane of fungus 
growth. Widths of rings and distances to the pith 
were taken to the nearest 0.1 mm. Central angles 
subtended by the canker were measured to the nearest 
1°. 0.5°, or 0.1°, depending on annual change of angle. 
Cankers were not selected randomly. but specifically 
to include representative numbers of slow- and_ fast- 
growing trunks. Most specimens were collected in 
northern Colorado: a few were from Wvoming. Mon- 
tana. and Washington. 

Fungus morphology..-Rust mycelium is abundant 
in all living host tissues near the center of a canker, 
including the wood rays extending inward through 
many annual rings. Hyphae vary from 15 to 4.54 
in diameter, with occasional short cells as much as 
7, wide. In xylem rays, where most measurements 
for related rusts have been made. hyphae are 3 hin 
in diameter, putting this rust in the “middle” group 
with regard to size. Hyphal cell length is extremely 
variable: in rays it is usually 20-40 pz. 

In tangential section most wood rays exhibit more 
radially oriented rust hyphae than ray cells. Relative- 
ly few hyphae leave the rays in traversing the xylem. 
Most tracheids are penetrated by haustoria where 
the fibers come in contact with hyphae in rays. but 
the fungus in these dead cells forms small. rounded 
haustoria that may not be functional (Fig. 2-A), 
though some contain cytoplasm and a nucleus. Haus- 
toria in dead cells often appear to be coated with a 
layer of yellow material (vellow in stained or un- 
stained preparations) that appears continuous with 
the cells’ secondary walls. Haustoria in tracheids are 
seldom over 12 in their largest dimension. 

Haustoria in living cells generally become 10-25 p 
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2-B). No 


branched 


(Fig. 
haustoria were noted. Both haustoria and hyphal cells 


and 46, wide 


long 
have single nuclei, which (when stained red with 
orseillin) appear to be about 1.0-1.5 1.5-2.5 p. 

Host anatomy.—-The pronounced host reaction to 
rust invasion is hyperplasia. Cells produced by a 


Fig. 1. 
gall, is still attached in the smallest specimen. 


WESTERN GALL 


Cross sections of rust cankers in lodgepole pine 3-12 in. 
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rust-infected cambium are scarcely larger, except in 
the rays, than corresponding types in healthy stems, 
but they are more abundant. Comparison of the aver- 
age widths of the infected and uninfected portions of 
50 annual rings in cross sections from 5 cankers 


vielded the following: 


in diameter. The original site of infection, a branch 


| 
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1) Total thickness of the 50 uninfected rings was is greatest, and vice versa; that is, fast normal growth 
6.6 cm and of the infected 15.5 cm: the ratio is 1:2.3. is least accelerated by the rust, and slow growth is 


2) This ratio is lowest where the normal ring width more accelerated. 


heid. Transverse: “1800. B) Normal haustorium in xylem ray, and adjacent 


| 
at 


Fig. 2.—A) Abortive haustorium in a t 
hyphae. Radial; 1200. Healthy wood. Tangential: “140. D) Rust-infected wood in the same growth ring as (CC), 


Tangential; «140. 


| 
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Not only are more cells produced in rust-infected 
wood, but cell types are produced in different propor- 
tions than in normal wood (Fig. 2-C.D). A count of 
1100 cells along tangential lines in 9 cross sections 
from young cankers indicated that 29°, of the cells 
were ray parenchyma. (Lowest percentage in a section 
26.3: highest, 30.3.) Similar counting of 1300 
cells in rust-free wood showed only 8° to be paren- 


was 


chymatous. (Lowest percentage in a section was 5.8: 
In a sample of 200 xylem parenchyma 
22.2 4 in cankers 


highest. 12.5.) 
cells. average tangential width was 


and 12.9% in uninfected wood. Average tracheid 
widths. on the basis of 450 cells measured. differed 
only slightly: 19.6 in cankers and 17.6 in normal 
tissue. (These figures are smaller than comparable 
data from older stems; for instance, lodgepole trach- 
eids usually become 23-40 » in diameter.) 

From the above data it is possible to approximate 
the tracheids and parenchyma. 
if intercellular ignored. Rust-infected 


wood appears on this basis to consist of 32 paren- 


relative volumes of 


spaces are 


chyma and 68° tracheids. and normal wood of 6% 
parenchyma and 94° tracheids. 

On the basis of examination of 40 sq mm of tangen- 
tial sections, about 60°67 of the xylem rays in cankers 
were found to be biseriate or multiseriate. In rust-free 
wood only the infrequent resin-conducting rays (fewer 
than 2° of the total) 
There is some disarrangement of tracheids in infected 
wood: that is, the products of a given cambial initial 
are in identify. Walls in 
individual tracheids are apt to be sinuous and variable 
in thickness, averaging a little thicker than in normal 
wood. But the tissue appears to be efficient for con- 


are more than one cell wide. 


some instances difficult to 


duction, inasmuch as radial and tangential pits are 
somewhat more abundant than in rust-free xylem. and 
there are pits on the rather blunt end walls. 


Most wood formed by rust-infected cambium quickly 
darkens. becoming vellow-brown to chocolate-brown. 
This is largely due to deposition of resin—-a process 
described long ago for Peridermium pini cankers (3). 
thus old 
cankers and galls may be found in forest litter. out- 
\ practical result is 


The resinous wood is resistant to decay: 


lasting the trees that bore them. 
that gall rust cankers, although themselves causing 
cull in pine trunks. seldom add to this damage by 
serving as entrance points for decay fungi. 

The discolored wood is at first soft but 
finally exceptionally hard, dulling axes or saws used 
The mechanical strength of the trunk at a 


and wet. 


to cut it. 
canker remains low, and large numbers of cankered 
trees are broken by wind. 

In canker phloem both hypertrophy and hyperplasia 
are apparent. However, greater than normal pressure 
on the older phloem results in little or no net increase 
in volume of the whole tissue. Increased percentage 
of parenchyma is probably as marked as in xylem. 
but exact figures could not be obtained because identi- 
fying crushed elements of the phloem was difficult. 

In rust-infected cortex there is some hypertrophy 
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and necrosis, but no notable hyperplasia. Cortical 
and phloem cells are sloughed off when the rust forms 
fruiting bodies within these tissues; eventually the 
progressively deeper-forming fruiting bodies expose 
and thus kill the cambium. During most of the life 
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AVERAGE ANNUAL LATERAL GROWTH OF RUST (MM) 


J 
0 | 2 3 
AVERAGE ANNUAL RADIAL 
INCREMENT OF TRUNK (MM) 


Relation of gall rust’s lateral spread from canker 
The points represent 


Fig. 3. 
edges to radial growth of the host. 


average measurements for 760 annual rings in 27 cankers. 
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of a canker. exposure of cambium in this manner 
merely results in death of one secondary gall and 
formation of a new one: finally, however, the ring 
of secondary galls encircles the trunk and kills the 
tree. 

Rust growth. The lateral. or girdling, growth rate 
of gall rust on trunks is related to the host's radial 
increment; the correlation coefficient for the data in 
Fig. 3 is 0.740. Each of the 27 points in this figure 
represents the average annual growth of rust and host 
for one canker; they are based on measurements of 
radial increment and rust spread in 760 annual rings. 
The linear regression is g = 1.7 + 1.8 r, in which g 
is lateral advance of the rust around the trunk, r is 
radial increment of the tree near canker height, and 
all measurements are from the cambium in milli- 
meters. More accurate for low values of r would be 
or g=—0.1(1.6r)* + 2—that is, functions 
that are relatively flat near the origin——but acceptance 
of these curves is not justified without a greater range 
of data. 

The straight-line formula may be converted to give 
the approximate number of years, n, required for gall 
rust to girdle a trunk of initial radius R and annual 
increment r: 


in which e is the base of natural logarithms. An 
example for calculation would be a trunk 50 mm in 
radius, newly infected from a branch gall, with annual 
increment of 2.5 mm: the tree will probably not be 
girdled for about 243 years | (1 20) (e7-*47-1)]. If 
the trunk were only 10 mm in radius, encirclement 
would be expected in about 58 years. 

Where there is already a canker present and it is 
desired to estimate years before girdling. the central 
angle (in radians} subtended by the initial canker in 
a cross section of the trunk should be subtracted from 
6.28 in the above formula. Thus. a trunk of 50 mm 
radius, already half-encircled by the rust and growing 
at 2.5 mm per vear, might be girdled in about 53 years. 

Vertical growth of gall rust is ordinarily less than 
the horizontal growth in trunks. The greatest canker 
elongation measured was | cm per year downward 
for 20 years. Many cankers spread laterally for 
decades with no appreciable vertical growth. 

Discussion. With present knowledge it would be 
impossible to distinguish among yine stem rusts on 
the basis of vegetative morphology: western gall rust 
is closely similar to the othe: species reported. Patho- 
logical anatomy of P. harknessii hosts, too. is similar 
to that of trees infected by other gall rusts. On the 
other hand it seems possible in many instances to 
identify the species causing a rust canker merely by 
noting the ratio of length to width of the canker, and 
the presence or absence of xylem hyperplasia. Peri- 
dermium harknessii, unlike most species, usually grows 
faster around the stem axis than along it. Cronartium 
ribicola cankers. however. aie said to he wider than 
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high during their first few weeks (6). and C. quercuum 
cankers are like those of western gall rust in shape. 

It might be expected that the more vigorous a tree, 
the faster its obligate parasites would grow. For tree 
rusts this relationship has not been found to hold (6, 
11). The present study, though it presents no causal 
explanation, does provide evidence for a high correla- 
tion between selected dimensions of growth of the 
rust and its host. 

The growth formulae do not allow us to generalize 
about tree mortality that will result from a given rust 
outbreak, because the fungus invades trunks in differ- 
ent ways and because annual increment is not actually 
constant. Infection on a young stem leader will result 
in early girdling—perhaps in 3 or 4 years. Older 
trunks are not infected directly (except in wounds), 
but new branches are attacked and the rust may enter 
large trunks from the branches. Thus. from a given 
years outbreak. all sizes of stem will eventually be 
cankered and canker growth must be predicted on an 
individual basis rather than for whole stands. 

It is possible, however, to surmise from these form- 
ulae that gall rust. because of its slow development, is 
not likely to be a major cause of mortality in large- 
diameter stems. And, in fact. because it doesn’t de- 
stroy its host quickly (unlike white pine blister rust) 
it is among the longest-lived of parasitic fungi. One 
mycelium examined had only two-thirds girdled a 
lodgepole pine between 1743 and 1957; another was at 
least 277 years old and still growing. Unfortunately, 
this slow growth is a greater problem in forest man- 
agement than quick killing would be, because the 
cankered trees continue to occupy growing space but 
may produce little wood of value.—Rocky Mountain 
Forest and Range Experiment Station, Fort Collins, 
Colorado. 
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greenbugs (Toxoptera graminum 
(Rond.)) from Florida, Wisconsin, and Hlinois were 
compared as vectors of several isolates of barley 
vellow dwarf virus. In 14 direct comparisons involving 
a virus isolate originally recovered by greenbugs from 
a field sample, greenbugs from Florida transmitted only 
once (to 1 of 92 plants). those from Wisconsin trans- 
mitted in 12 of the 14 trials (to 49 of 90 plants), and 
those from Illinois transmitted 12 times (te 59 of 87 
plants). Greenbugs from Florida transmitted none of 3 
other virus isolates used in direct comparisons, but those 
from Wisconsin and from Illinois readily transmitted 
1 of these isolates and occasionally transmitted a sec- 
ond. Greenbugs from Florida transmitted virus to only 
1 of 144 plants used in 44 additional tests of virus 
transmission by this collection. These data are con- 
sidered evidence of physiological specialization among 
greenbugs in the transmission of barley yellow dwarf 
virus. 

Entomologists found no morphological differences 
among the 3 aphid collections except that greenbugs 
from Florida had a beak tip slightly different from 
that of the other 2 collections. 


Collections of 


Introduction. 
(Rond.): 
to some workers) is one of several aphid vectors used 


The greenbug (Toxoptera graminum 
or Schizaphis graminum (Rond.), according 


in this laboratory to test field samples for suspected 
infection by barley (BYDV). 
Oswald and Houston (6) found this species to be a 
vector of the virus. BYDV\ 
bugs from only 2 of 160 field samples tested at Cornell 
in 1959 (10). This almost complete failure of green- 


vellow dw arf \ irus 


was recovered by green- 


bugs to recover the virus was surprising, since some 
of the samples had been collected in Hlinois and in 
Wisconsin, where Jedlinski and Brown (4) and Arny 
(personal communication), respectively, had readily 
recovered BYDV from similar samples by means of 
greenbugs. A possible explanation for such differences 
was that the greenbug strains in use in the different 
laboratories varied in their ability to transmit BYDV., 
Clones of avhids of other species are known to differ 
in their ability to transmit some plant viruses (1. 11, 


Moreover. since collections of greenbugs may 


vary in the damage they cause on certain small grains 
(3), there is evidence for a kind of physiological 
specialization among greenbugs. 

Comparisons of the ability of 3 greenbug collections 
to transmit BYDV are presented here. 

Materials and methods.— The first greenbug collee- 
tion was sent from Gainesville, Florida, by H. H. Luke 
and A. N. Tissot. Colonies derived from this collection 
had been used in the tests made during the summer of 
1959 (10). The second greenbug collection was sent 
by D. C. Arny. from Madison, Wisconsin, and the 
third by Henry Jedlinski, from Urbana, Illinois. These 
respective collections are herein referred to as green- 
bugs from Florida, Wisconsin, and Ilinois. 

All stock colonies of virus-free aphids were main- 
tained on caged barley plants (Hordeum vulgare L.) 
(9). New 

emerged 


under 4 precautions described previously 
started weekly from 
Although all aphids maintained in this way 


have remained free of BYDV, some aphids from each 


colonies were newly 


nymphs. 


colony used were always tested as controls. 

Four isolates of BYDV were used. In most tests the 
isolate was one supplied by Henry Jedlinski; it is 
herein called the TIL-GB isolate since it was recovered 
from a field sample in Illinois by means of greenbugs 
(4). A second virus isolate (AGV) is regularly trans- 
mitted by apple grain (AG) aphids (Rhopalosiphum 
fitchii (Sand.):; or R. padi (L.), according to some 
workers) but not by (EG) aphids 
(Macrosiphum granarium (Kirby) ). The third isolate 
(EGY) is regularly transmitted by EG aphids but not 
hy AG aphids. These 2 isolates were previously de- 
scribed as AGV-1 and EGV-1 (9). A fourth 
(CLV) was recovered from a New York field sample 
in 1959 by means of corn leaf (CL) aphids (Rhopalo- 
siphum maidis (Fitch)) but not by AG or EG aphids 
or by greenbugs from Florida (10). It is regularly 
transmitted by CL aphids but not by AG or EG aphids. 
All virus isolates were maintained by serial transfer in 


English grain 


isolate 


oats (Avena sativa L.) of the variety California Red 
1026). (CL. refers to the number of 
t'e Cereal Crops Research Branch, Crops Research 
Division.) 

Acquisition feedings of 1-2 aays were usually on de- 
tached leaves incubated at 15°C as described previously 
(7. 9). Single leaves were cut into 3 sections so that 


each comparison of the 3 greenbug collections was 
based on transmission from portions of the same leaf. 
Acquisition feedings longer than 2 days were on sepa- 
rate intact source plants caged in the greenhouse. At 
the end of an acquisition feeding period, aphids in 
groups of about 10 per plant were transferred by 


& 
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Table 1.—Comparison of greenbugs from Florida, Wis- 
consin, and Illinois for ability to transmit 4 isolates of 
barley yellow dwarf virus. 


Acquisition No. test plants infected in tests with 


Virus feeding’ greenbugs from source indicated" 
isolate” (days) Fla. Wise. Ill. 
111-GB 1-2 039 15/33 17/33 
111-GB 3-6 1/53 54/57 2°54 
AGYV 2 0/12 7/12 10/12 
AGYV 6 06 6/6 66 
EGV 012 012 0/12 
EG\ 6 0/6 0.6 0/6 
CLY 2 012 2/12 1/12 


“Numerator is number of oat test seedlings that became 
infected; denominator is number of seedlings infested with 
about 10 aphids each for a 3-day inoculation test feeding. 

"The I11-GB isolate was originally recovered from a 
field sample by greenbugs in Illinois. AGV, EGY, and CLV 
are regularly transnitted respectively by apple grain, Eng 
lish grain, or corn leaf aphids, but not by the other 2 aphid 
species. 

Acquisition feeding of 1-2 days was on detached leaves 
cut into 3 pieces; that of 3-6 days was on intact plants. 


means of a camel’s-hair brush to seedlings of Calli- 
fornia Red oats. Most of the aphids in each group 
were late-instar apterous females, but other stages 
were often included in each group. Inoculation test 
feedings were 3 days on caged seedlings. At the end 
of this 3-day period, aphids were killed by fumigation 
with lindane in a closed chamber. The plants were then 
placed on a bench under supplemental illumination 
in a greenhouse fumigated regularly to control insects. 
They were examined frequently for at least 4 weeks. 
Results.-Ten direct comparisons were made among 


the 3 collections of greenbugs in the transmission of the 


a b a 
FLORIDA 


WISCONSIN 


111-GB isolate from detached leaves. Greenbugs from 
Florida did not transmit in any of these tests. whereas 
those from Wisconsin and from Illinois transmitted 
in all but 2 (Table 1). None of the aphid-control 
plants in the 10 tests became infected. 

Similar direct comparisons were made after acquisi- 
tion feedings of 3-6 days on intact plants infected by 
the III-GB isolate of BYDV. Greenbugs from Florida 
transmitted virus to only 1 of 53 plants, whereas those 
from Wisconsin transmitted the virus in each of 4 
trials to a high percentage of the test plants (Table 
1). No control plants became infected. It is clear 
that the collections of greenbugs differ markedly in 
their ability to transmit the III-GB isolate of the virus. 

\dditional comparisons involved the greenbug 
collections in tests with 3 other isolates of BYDV. The 
EGY isolate was not transmitted in 4 trials by any of 
the greenbugs (Table 1). Greenbugs from Wisconsin 
and from Illinois were efficient vectors of the AGY 
isolate in each of 4 tests, but those from Florida did 
not transmit AGV to any of 18 plants in 4 trials (Table 
1). Greenbugs from these same 2 locations also trans- 
mitted the CLV iselate occasionally. but those from 
Florida did not transmit this isolate in any of 3 at- 
tempts (Table 1). None of the aphid-control plants 
in these tests became infected. Thus greenbugs from 
Florida failed to transmit 3 different isolates of BYDV 
that were transmitted by the other 2 collections. 

In addition to the direct comparisons of the 3 
greenbugs (Table 1), 44 other attempts were made 
over about 8 months to transmit various isolates of 
BYDV by means of greenbugs from Florida. These 
trials. which involved about 1440 greenbugs. were 


b a b 
ILLINOIS 


Fig. 1.—Camera-lucida drawings, by H. B. Boudreaux, showing the difference between the short blunt beak tip of the 
greenbugs from Florida and the elongate acute beak tip of those from Wisconsin and Illinois. In each case, a is the beak 
of an alate female and 4 is the beak of an alatoid nymph. 200. 
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made with 144 test plants. Only 1 of 144 plants be- 
came infected. the exception being in a test using the 
IN-GB Thus, greenbugs from Florida have 
transmitted virus in this laboratory to 2 plants of 284 
used in all kinds of tests. For all practical purposes 
the greenbugs from Florida did not transmit BYDV 
since one can never be sure of complete absence of 
contamination in work of this kind. and since the low 
level of transmission by Florida greenbugs is in such 


contrast to that of the other 2 greenbug collections. 


isolate. 


Specimens of each of the 3 greenbugs were kingly 
H. B. Boudreaux (Louisiana State Uni- 
versity) and by A. N. Tissot (University of Florida). 
Both workers confirmed identification of the aphids 
and examined the 3 kinds for any possible morpholog- 
ical differences. 


examined by 


No morphological differences were 
found except for a detail of the tip of the beak. Green- 
bugs from Wisconsin and from Illinois had a beak 
whose tip (rostral segments IV and V) had an elongate 
acute appearance: those from Florida, however. had a 
rostral tip more nearly typical of many of the grass- 
feeding species. having somewhat curved sides and 
being blunter and shorter than those of the other 2 
collections (Fig. 1). These differences were consist- 
ent in all specimens examined from 6 separate colo- 
nies of each greenbug taken at intervals over a period 
of 6 months. 


The transmission experiments reported here also 
provide additional data on the relative vector 
cificity of some isolates of BYDYV. In a previous 
parison of AGV and EGY, EGV was found to be 
vector specific than was AGV with 
AG and EG aphids (9). This same rela- 


spe- 
com- 
more 
respect to trans- 
mission by 
tionship holds in regard to transmission by greenbugs: 
none of the greenbugs transmitted EGY although 2 
of the collections readily transmitted AGY. 

Seven comparative transmission experiments were 
made with the III-GB isolate of BYDY 
AG. EG. and CL aphids to investigate the vector re- 
All aphid-control 
plants remained healthy. AG aphids transmitted III- 
GB in all 7 attempts (to 25 of 27 plants), EG aphids 
transmitted in 5 of 7 attempts (to 16 of 27 plants). 
but CL aphids failed in all 7 attempts (to 0 of 24 
plants). The III-GB virus isolate appears to be similar 
to AGYV. AG 


aphids and by greenbugs. occasionally by EG aphids. 


by means of 


lationships of this virus isolate. 


since each is transmitted readily by 
and very rarely. if at all. by CL aphids. 
Diseussion..-The main point is the demonstration 
with BYDY. should be 
given to a new variable: specialization among collec- 


kinds of 


among isolates of the virus are known: it is not sur- 


that. in work consideration 


tions of an aphid vector. Several variation 


prising that variation should also be found among 
collections of a vector. Similar variation may exist 


among collections of other aphids known to be vectors 
of BYDV. but differences as striking as those found 
for greenbugs apparently have not been encountered. 
AG aphid collee- 
(2) 


Previous comparisons of 4 different 


8) and cooperative tests with Bruehl 


tions (7. 
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have failed to reveal any such differences among AG 
aphids; different forms of the AG aphid collected from 
winter hosts in nature, however, have been found to 
vary as vectors of the virus (5). 

The difference between the greenbugs from Florida 
and those from the Midwest is particularly striking 
because it is virtually absolute as regards the tests 
reported here. Since only a single greenbug collection 
had been received from each area, it is obvious that 
the colonies used here do not necessarily represent the 
strains of greenbug common in these areas. The im- 
portant thing is that collections of greenbugs can vary 
in their ability to transmit BYDV. There is no reason 
why similar variability could not be important in 
nature. 

Correlation of the structure of the beak with ability 
to transmit virus is an interesting development of this 
work. It remains to however. whether the 
morphological difference in beak structure has any 
direct connection with the physiological difference in 
virus transmission. 


be seen. 


Since the BYDV disease is still fairly new, confirma- 
tion of diagnosis poses a problem for many workers. 
Information is now available on some of the factors 
that must any attempt to confirm 
diagnosis by recovering the virus from field samples. 


be considered in 


First, the general suggestion of Stubbs (12) on possi- 
ble importance of “inactive” insects in any collection 
used in virus transmission studies now has a basis in 
work on BYDV., at least for one of the vectors. Second, 
the variability among isolates of the virus. particularly 
as regards vector specificity, is a factor that must be 
(10). In other words, if one fails to re- 
cover virus from a plant thought to be infected by 
BYDV, the problem of whether the proper aphid 
species and or the proper clone of the aphid was used 
complicates interpretation of the negative results.— 
Department of Plant Pathology. Cornell University, 
Ithaca. New York. 
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SUMMARY 

The Physalis floridana TM\ (tobacco mosaic virus) 

system was very responsive to 8-azaguanine. Treatment 
inhibited virus replication sites and resulted in virus 
that varied in infectivity. sedimentation time. and 
nucleic acid content. Systemic virus spread was inhib- 
ited much more than could be accounted for by in- 
hibition of replication sites. Virus isolates from 
treated plants contained modifed virus. On centrifu- 
gation, the infective fraction (Vi) sedimented more 
slowly than normal TMV (\V). and the uninfective 
fraction (Vm) sedimented more slowly than V:. In- 
hibition in total virus titer and the ratio of Vm V+ were 
parallel and were functions of time of application and 
concentration of 8-azaguanine. Vm increased to a maxi- 
mum in about 2 weeks and then declined. Vm reverted 
to Ve in vivo; the reversion was a function of the 
8-azaguanine concentration in the tissue and the tem- 
perature. The ratio of Vm» Vi was independent of 
virus inoculum titer. There was no direct effect of 
8-azaguanine on TMY. but the action was governed 
by the hest. Tobacco was much less responsive than 
P. floridana. There was no inhibition of virus ren'i- 
cation sites in tobacco, contrasted to as high as 99° 
initial site inhibition in P. floridana and a 32° inhibi- 
tion of total sites. In local-lesion hosts, 8-azaguanine 
inhibited lesion numbers in cucumber and .Vicotiana 
glutinosa but not in V. tabacum var. NN. Ve increased 
as such when used as inoculum and was more suscept- 
ible to 8-azaguanine treatment than V. Vm did not 
interfere with local lesion counts of V. Attempts to 
isolate Vi from V+ by electrophoresis or chromatog- 
graphy were unsuccessful. Infective RNA was isolated 
from V and V;. and the infectivity was 4.5 less for 
Ve RNA at concentrations where whole virus of the 
two isolates was equally infective. The mechanism of 
8-azaguanine action was best explained by assuming 
that it was incorporated in the virus replication sites 
in the host in varying amounts, resulting in the pro- 
duction of virus with varying amounts of incorporated 
8-azaguanine. A low order of substitution in the repli- 
cation site would yield infective virus (V+). a moderate 
order would yield uninfective virus (Vm), and a high 
order would completely block virus replication. The 
effect of 8-azaguanine in inhibiting systemic virus 
spread may be owing to some other mechanism. 
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IBACCO MOSAIC VIRUS REPLICATION 
Kirkpatrick and H. C. Govindu 


Introduction. The guanine analog 8-azaguanine in- 
hibits the multiplication of a number of plant viruses. 
including virus tumors of Rumex (15). alfalfa mosaic 
(7). cucumber mosaic (7). tobacco mosaic (8), stone 
fruit ringspot (4). turnip yellow mosaic (13). and 
sugar beet vellows (17). It is reported to be ineffective 
against the viruses of henbane mosaic. potato X, 
potato Y. spotted wilt. tropaeolum Il, and pea mosaic 
(9). Ina series of studies on the effect of 8-azaguanine 
on viruses, Matthews (7-13) showed that this purine 
analog was substituted into the virus for guanine. and 
the inhibitory effects on virus replication were related 
to the substitution. This work has been reviewed by 
Matthews and Smith (14). The present report con- 
cerns studies toward further elucidation of the mechan- 
ism of action of 8-azaguanine. 

Materials and methods. common strain of TVIN 
(tobacco mosaic virus) was purified from infected 
Physalis floridana Rydb. leaves by repeated differential 
centrifugation of a heated clarified leaf homogenate 
(18). This stock solution. maintained at 4°C in a 
concentrated form, was used in appropriate dilutions 
for the work reported here. Inceulations were made 
with a cloth pad saturated with inoculum containing 
5 by weight of carborundum (6). 

P. floridana was the most commonly used host. 
Plants grown in 2!,-in. pots were pruned to a single 
leaf to avoid systemic effects. Vicotiana tabacum L. var. 
Turkish was also used and pruned to a single leaf. 
Some trials were conducted with the loeal-lesion 
hosts Cucumis sativus L. var. Chicago Pickling, \. 
glutinosa 1... and N. tabacum L. var. NN. Where 
studies on systemic virus spread were made. P. flori- 
dana plants were pruned to 2 leaves. 

8-azaguanine was dissolved in 0.1°7 sodium carbon- 
ate plus 0.16 Aerosol O.T. and applied with a soft 
brush. Controls were painted with 0.16 sedium 
carbonate in 0.16 Aerosol O.T. 

Leaf samples for virus purification were frozen and 
homogenized in buffer (5). and the virus was purified 
from the heat-clarified homogenate by repeated differ- 
ential centrifugation (18). Virus concentration was 
then determined spectrophotometrically (20). 

Cucumber cotyledons were used for infectivity 
assays. In preliminary trials. the infectivity of TMV 
isolates from 8-azaguanine-treated plants was similar 
on bean, Phaseolus vulgaris 1... var. Pinto, and cucum- 
ber, but cucumber was used as the assay host because 


it was available from other studies. The infectivities 


| De 

of 
stal 
pre 

tro] 
fro 
tivi 
isol 
Iso 
: wel 
pla 
iso] 
con 
uni 
wa: 
fro 
inf 
I 
nin 
ve 
apy 
ino 
inf 
8-a 
aft 
tre 
als 
of 
en 
pla 
day 
nin 
wa 
] 
ino 
pp 
ine 
val 
ass 
pla 
wa 
mu 
cre 
to 
3) 
nu 
as 
firs 
rat 
fur 
mu 
wa 
rea 
cre 
eff 
the 
ple 


December, 1°60 LINDNER ET AL: 


of various isolates were always compared against the 
standard isolate on paired cotyledons with methods 
previously outlined (6). Dilutions were based on spec- 
trophotometric assays of purified isolates. Isolates 
from untreated P. floridana plants always had infec- 
tivities similar to that of the control isolate, whereas 
isolates from treated plants had lower infectivities. 
Isolates from treated hosts other than P. floridana 
were compared against isolates from untreated plants 
from the same host. Isolates from 8-azaguanine-treated 
plants were considered to contain modified virus. An 
isolate with an infectivity of 6067 of the standard was 
considered to contain 60°. infective virus and 40% 
uninfective. For convenience, TMV from control plants 
was designated V, whereas the infective virus fraction 
from treated plants was designated V, and the un- 
infective fraction \ 


mr 


Resulis.—Effect of time of application of 8-azagua- 
nine.-P. floridana plants were inoculated with 0.10 


ye ml of TMV. and 300 vg ml of 8-azaguanine was 
applied at different intervals both before and after 
inoculation. Leaves were harvested 14 days after in- 
oculation, and the virus was purified and assayed for 
infectivity. A series of tests of single applications of 
8-azaguanine indicated that the 24 hours immediately 
after inoculation was the period most responsive to 
treatment (Fig. 1). The P. foridana-TMV 
also shown to be unusually responsive to applications 
of 8-azaguanine. Matthews (12) reported little differ- 
ence in infectivity of virus from 8-azaguanine-treated 


system was 


plants compared to virus from control plants in 14- 
day TM\ 

For further studies. multiple application of 8-azagua- 
nine 1 day before and 1 and 2 days after inoculation 


infections in tobacco. 


was adopted as standard. 

Effect of time of harvest.—P. floridana plants were 
inoculated with 1.0 pe ml TMV and treated with 1500 
ppm 8-azaguanine 1 day before and 1 and 2 days after 
inoculation. Leaves were harvested at varying inter- 
vals after inoculation, and the virus was purified and 
assayed for infectivity. Virus development in treated 
plants was delayed (Fig. 2). and the maximum titer 
reached a maxi- 
mum about 17 days after inoculation, and then de- 


was less than in control plants. V,, 
creased. The assay methods were not sensitive enough 
to determine V,, accurately in infections older than 
3 weeks. V,, exceeded V, for the first 10 days. The 
number of primary infections was reduced about 98°, 


m 


as evidenced by the reduction in total titer during the 
first week of infection. 

\ similar experiment with Turkish tobacco (Fig. 
t) instead of P. floridana (Fig. 2) indicated that the 
rate of virus development in treated plants was a 
The tobacco-TM\ 
much less sensitive to the effects of 8-azaguanine than 
was the P. floridana-TMV tobacco, \ 
reached a maximum in about 9 days. and then de- 


function of the host. system was 


system. In 
There 
effect on the number of primary infections. because 
the total titer of treated plants equaled that of control 
plants during the first week of infection. 


creased. and V,, never exceeded V,. was no 
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Effect of inoculum concentration—P. floridana 
plants were inoculated with concentrations of TMV 
from 10 myg/ml to 7.6 pg/ml and treated with 600 
pg/ml of 8-azaguanine as usual. Leaves were harvested 
at 7, 14, and 21 days. The results were similar for the 
first two harvests. Second harvest results are shown in 
Fig. 3. Virus accumulation was a function of the in- 
oculum concentration, and the rate of increase of V,, 
with increasing concentrations of inoculum paralleled 
that of V,. In the 2]-day harvest there was a decrease 
in V,, at higher inoculum concentrations. 

Effect of 8-azaguanine concentration—P. floridana 
plants were inoculated with 10 ng’ ml TMV and treated 
with 8-azaguanine in the usual manner in concentra- 
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Fig. 1 4.—-1) Effect of time of treatment with a single 


application of 300 ppm 8-azaguanine on production of in- 
fective (V,) and uninfective (Vm) TMV in Physalis flori- 
dana. Inoculum concentration 0.100 ppm. Leaves harvested 
14 days after inoculation. 2) Effect of 3 applications of 
8-azaguanine at 1500 ppm on rate of accumulation of infee- 
tive (V.) and uninfective (Via) TMY in single leaves of 
P. floridana compared to virus accumulation in untreated 
plants (V). Titer in ppm of fresh weight. Inoculum con- 
centration 1.00 ppm. 3) Effect of inoculum concentration 
on relative proportions of infective (V,) and uninfective 
(Vin) TMV in P. floridana treated with 3 applications of 
600 ppm 8-azaguanine; compared to virus in untreated 
plants (V). Harvested 14 days after inoculation. Inoculum 
concentration in mug/ml. 4) Effect of 3 applications of 
8-azaguanine at 1500 ppm on rate of accumulation of 
infective (V.) and uninfective (V) TMV in single leaves 
of Turkish tobacco compared to virus accumulation in un- 
treated plants (V). Titer in ppm of fresh weight. Inoculum 
concentration 1.00 ppm. 
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tions from 50 pg/ml to 4.0 mg/ml. Leaves were har- 
vested at 7, 14, and 21 days. A similar experiment 
was performed with a TMV inoculum of 0.1 pg/ml. 
The results of the two tests were similar, and indicated 
that the amount of V, varied inversely with the 8- 
azaguanine concentration, but V,, in general varied 
directly with the 8-azaguanine (Fig. 5). At higher 
concentrations of 8-azaguanine, less V,, was lost with 
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Fig. 5.9.5) Effect of 8-azaguanine concentration on 
accumulation of infective and uninfective (Vi.) 
in single leaves of P. floridana in comparison with the ac- 


MEDIUM 
SMALL 


% 
VERY SMALL 


cumulation of virus in untreated plants (V). Three appli 
cations of 8-azaguanine at 50, 150, and 450 ppm. Inoculum 
concentration 10 ppm TMY. 6) Effect of 8-azaguanine on 
accumulation of TMY in upper uninoculated leaf, when 
lower leaf on same P. floridana plant inoculated. ( no 
treatment: | lower leaf treated. 
Three applications of 300 ppm 8-azaguanine. Lower leaf 
inoculated with 0.100 ppm TMY\ ) Effect of concentration 
of single application of 8-azaguanine on relative proportions 
of infective and uninfective (V..) TMV in single leaf 
of P. floridana compared to percentage inhibition of total 
titer (T). Inoculum concentration 0.200 ppm TMV. Har- 
vested 7 days after inoculation. 8) G isolate in percentage 
of standard isolate showing accumulation of infective (V_) 
and uninfective (Vm) TMY in treated P. floridana plants in 
comparison to total virus (T) in untreated inoculated at 
isolate contained 61% Vm. Both isolates inoculated at 
0.200 ppm total virus. Three applications of 600 ppm 8&- 
azaguanine on treated plants. 9) Percentage of particles 
in various size classes of TMV from untreated P. floridana 
plants (V) and infective and uninfective TM\ 
from treated plants. The size classes determined by centrif- 
ugation, 


upper leaf treated: | 


‘ 


time, so it is likely that V,, reverts to V, in the host, 
the ratio of V,V, depending on the 8-azaguanine 
concentration in the tissue. 

The minimum amount of 8-azaguanine required for 
effect on the P. floridana-TMV system was determined 
by applying concentrations of 8-azaguanine from .01] 
pg/ml to 1 mg ml in a single application 1 day before 
inoculation with 0.2 pg/ml TMV. Leaves were har- 
vested 7 days after inoculation. The results (Fig. 7) 
showed that about 0.01 pg 8-azaguanine ml was the 
minimum for effect. V,, varied directly with the 8- 
azaguanine applied. whereas V, varied inversely. More- 
over, the per cent of V,, paralleled the per cent inhi- 
bition in total titer. 

Effect of 8-azaguanine on local-lesion hosts.—Cucum- 
ber. V. tabacum var. NN, and \. glutinosa were treated 
with 1500 ppm 8-azaguanine 1 day before and 1 and 
2 days after inoculation with varying concentrations 
of TMV. Local lesions were reduced about 50°) in 


m 


cucumber and \. glutinosa, regardless of the amount 
of TMV applied. This result indicates that 8-azagua- 
nine acted on the host rather than on the virus. The 
8-azaguanine had no effect on lesion numbers in the 
NN tobacco, further indicating that the effect of 8- 
azaguanine depends on the host. 

The virus was purified from the excised necrotic 
lesions from V. glutinosa and NN tobacco, and assayed 
for total titer and infectivity, comparing isolates from 
treated and untreated plants. 8-azaguanine treatment 
had no effeet on total titer of lesions. but treated 
lesions had 50° V,, in NV. glutinosa and 63% V,, in 
NN tobacco. 


Local lesions of TMV appeared 2 days later in treated 


m 


\. glutinosa than in untreated plants. There was no 
apparent delay in lesion formation in NN tobacco. NN 
tobacco was thus similar to Turkish tobacco in that 
8-azaguanine had little effect on primary infection 
sites and little effect on rate of virus increase. 

Direct effect of 8-azaguanine on TMV.—TMV in 
various concentrations of 8-azaguanine for various 
periods was removed by centrifugation and inoculated 
to cucumber cotyledons. Such treatments did not affect 
the virus infectivity. In other studies, 8-azaguanine 
was mixed directly with the ineculum in various con- 
centrations, and again there was no effect on the num- 
ber of TMV lesions in cucumber. The only case 
where reduction in lesion number occurred was when 
the cucumber plants themselves were treated with 
8-azaguanine plus a_ surfactant before and after 
inoculation. 

Effect of 8-azaguanine on systemic virus distribution. 

P. floridana plants were pruned to 2 leaves, and 
only the lower leaf was inoculated. 8-azaguanine was 
applied 1 day before and 1 and 2 days after inocula- 
tion. In one group of plants the inoculated leaf was 
treated, whereas in another group the upper leaf was 
treated. Both upper and lower leaves were harvested 
after 2 and 4 weeks. and the virus purified and assayed 
for total titer. 8-azaguanine treatment of the lower 
leaf markedly reduced the rate of virus accumulation 
in the upper leaf (Fig. 6). There was a much greater 
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effect on reducing systemic virus spread than on re- 
ducing titer in a treated leaf. When either the inocu- 
lated (lower) leaf or the upper leaf was treated, total 
titer of 50°. The 
titer of the upper leaf, however. was reduced 98% 


these leaves was reduced about 
It appears that 8- 
azaguanine, in addition to reducing the number of 
initial infective sites and inducing the production of 


when the lower leaf was treated. 


modified virus, also reduces virus translocation or 
movement in the host. 

8-azaguanine-treated virus as inoculum.—A dilution 
series of TMV from 1.0 to 0.01 pg/ml was inoculated 
to cucumber and compared on paired cotyledons with 
a similar series containing a constant 0.10 pg/ml of 
an isolate from P. floridana containing 80% V,,. A 
duplicate experiment made, but with the V,, 
isolate at 1.0 ng ml. The presence of V,, and V, in 
the inoculum had no effect on the of V 
The total lesions in the combined inoculum 
series were proportional to the total V + V, concen- 
tration in the inoculum. It was apparent that. over the 


concentration range used. \ 


Was 


numbers 
lesions. 


» does not interfere with 
the production of Vor \V, lesions. 

The standard TMV isolate was compared in both 
untreated and treated P. floridana with an isolate from 
treated P. floridana plants that contained 61% V,, 
(Isolate G). Both isolates were diluted to 0.2 pe ml 
total virus for inoculation, and 600 ppm 8-azaguanine 
was used for treatment. Leaves were harvested weekly 
The results (Fig. 8) 
showed that treated plants contained relatively more 
\,, and less V, from the G isolate than from the stand- 
ard isolate. The G isolate was thus more susceptible 


for 4 weeks after inoculation. 


to 8-azaguanine treatment than the standard isolate. 
No V,, could be detected in untreated plants inoculated 
with either isolate: therefore. V,, must not be infective, 
or at least does not increase as such in P. floridana. 
On the other hand. V, must increase, because the G 


m 


isolate was more susceptible to 8-azaguanine treatment 
than the standard isolate. V, therefore. is not identical 
to 

Effect of temperature.—P. floridana plants inoculated 
with 0.1 pg ml TMV and treated with 300 ppm 8- 
azaguanine kept at 32°C after inoculation. 
Leaves were harvested 1 and 2 weeks after inoculation. 


were 


Both control and treated plants produced virus at a 
higher rate at 32°C than comparable plants grown at 
20°C. At 32°C. however. V 
rate so that the peak V,, 
earlier. 


reverted to V, at a faster 


m 
_ concentration occurred much 

Axillary buds were allowed to grow on these plants. 
No TMV symptoms were produced on treated plants. 
hut typical symptoms were evident on the controls. 
The total titer of the secondary growth after 2 weeks 
was 2000 png g on the controls. and only 260 peg on 
the treated plants. The lower titer probably accounted 
for the lack of symptoms. and is further evidence that 
treatment reduces the rate of systemic virus spread. 
unsuccessful 


Purified preparations.—A number of 


attempts were made to fractionate purified virus prepa- 
rations from treated plants in order to separate V,,. 
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V,, and V. On electrophoresis, only a single sharp 
peak was obtained. No separation was achieved with 
paper electrophoresis. Separation was only partial 
with paper chromatography using various solvents. 

An analytical centrifuge was not available. but 
tests made with the preparative centrifuge indicated 
that V,, sedimented slower than V,. which sedimented 
slower than V (Fig. 9). In these tests, samples of 
both pellet and supernatant were tested for infectivity 
after 5, 10, and 20 minutes’ centrifugation. The size 
classes were defined as the amount of virus sedimented 
at these time intervals; the very small size being the 
unsedimented virus after 20 minutes’ centrifugation. 
This was additional evidence that V, differed from V. 
It also appeared that differences between V, and V,, 
were quantitative. 

Ultraviolet (UV) spectra of purified 
virus isolates from treated plants were similar to those 
from control plants except that the density ratio (230 
260 my) of control isolates averaged 3.14, compared 
with 2.35 for treated isolates. 


absorpt ion 


These results could be 
due to quantitative differences in protein-nucleic acid 
ratios, or to qualitative differences that would allow 
for greater UV absorption at 260 my in treated 
isolates, 

Since the quantitative data reported in this paper 
were based on density measurements, it was desirable 
to determine the reason for this difference in UV 
absorption. RNA (ribonucleic acid) and protein were 
separated by the glacial acetic acid method (1). and 
the relative quantities of each were determined spectro- 
photometrically. RNA was estimated by density 
measurements at 260 my. and protein at 280 maz. 
(Amounts of RNA obtained with this method were 
comparable to those with the phenol method (3). The 
ratio of protein to nucleic acid averaged 15.7 for con- 
trol and 21.2 for treated This is 
equivalent to 6.0% nucleic acid in the control isolates 
and 4.5% in the treated 
the reverse of the spectrophotometric results on intact 
virus. Thus. although density measurements at 260 my. 
would give results that were apparently 25°% high on 
intact virus from treated plants, this error is compen- 
sated because there is actually 25° less RNA present. 
The net result is that density measurements on intact 


isolates isolates. 


isolates. These results are 


virus for treated and control isolates are comparable. 

In TMV particles. no structural differences between 
treated and control isolates could be detected when 
examined by electron microscopy by Dr. A. H. Gold, 
University of California. 

When RNA was isolated from control virus by the 
phenol method (3) and its infectivity determined on 
cucumber, it was found to be only 0.2% as infective 
as intact virus. RNA from a treated isolate contain- 
ing 20°% V,, was compared with RNA from control 
virus and found to be only 1/6 as infective, which 
15 of that expected. It is not 
clear why the RNA from the treated isolate was so 
low in infectivity. 


infectivity was only 


A number of attempts were made to determine the 
amount of 8-azaguanine incorporated into treated iso- 
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lates following the procedures used by Matthews (12), 
but the amounts incorporated were below the sensitiv- 
ity of the method (167). Since a TMV particle has 
approximately 2000 guanine units, considerable 8- 
azaguanine can be substituted and not be detected by 
the methods used. 

Discussion.—The following effects of 8-azaguanine 
appear to be important: 1) inhibition of virus repli 
cation sites; 2) production of V,, with a low order 
of infectivity; 3) production of V, with a high erder 
of infectivity; and 4) a reduced rate of systemic virus 
spread. There was little evidence of a reduced rate 
of virus synthesis as a result of inhibition of normal 
host protein or nucleic acid metabolism. The only 
case where this might have occurred was that of a 
2-day relay in appearance of necrotic lesions in .V. 
glutinosa. Fyven in this case. lesion development may 
have been slowed by a reduced rate of movement of 
virus to neighboring cells or because \ delayed the 
necrotic reaction of the host. In P. floridana it is evi- 
dent that 8-azaguanine may inhibit over 90°7 of initial 
infection sites (Fig. 1, 2). Furthermore. the maximum 
virus yield is some 30°, lower in treated than in con- 
trol plants. indicating that total replication sites may 
be reduced by this amount (Fig. 2). With increasing 
concentrations of TMV in the inoculum, the amount 
of V, in treated plants parallels the amount of V in 
control plants (Fig. 3). The difference between the 
curves can be accounted for by the effect of 8-azagua- 
nine on site inhibition. If rate of virus replication 
were affected by a disturbance in host protein or 
nucleic acid metabolism. it would be expected that the 
V, curve would have a flatter slope. These results 
agree with those of Matthews on 8-azaguanine (7. 13). 
but are in contrast to those of Porter and Weinstein 
(16) on thiouracil. where there was a marked effect 
on the host. 

\ 


‘ut may have no real meaning because there may be 


», and V, are relative terms chosen for convenience, 
satergrades. Thus. although V,, was chosen to repre- 
ent those virus particles that are not infective in 
cucumber, in reality it may be those particles that 
aave a low order of infectivity, whereas V, represents 
those particles with a higher order of infectivity. Since 
the concentration of V,, in treated plants rises to a 
snaximum and then declines (Fig. 2. 4. 5) it is ap- 
parent that the V,, reverts to V, and that rate of re- 
version is a function of 8-azaguanine concentration and 
temperature. This is not surprising. since Matthews 
(9) showed that the effects of 8-azaguanine can be 
reversed by adenine. guanine. and possibly hypoxan- 
thine. 

The mechanism of action of 8-azaguanine does not 
appear to be a simple substitution of 8-azaguanine for 
guanine during virus RNA synthesis. because the 
\ 


azaguanine (Fig. 1). A more plausible explanation 


m Wy ratio depends on time of application of 8- 
is that 8-azaguanine directly modifies the replication 
site, resulting in the production of modified virus. The 
replication sites can be represented as -s, -s.. -s,,. and 


-s, in increasing order of site modification: and the 
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reactions of these sites as -sV=V. -s,V=V,. -s,,4=V,,. 
and -s.V=0. Since there are some 2000 guanine resi- 
dues per TMV particle. considerable variability is 
probable in quantity as well as in actual positions of 
the substitutions, but it is not clear whether certain 
8-azaguanine substitutions in the virus particle are 
more effective than others. The work of Smith and 
Matthews (19) suggests that the substitution is not 
random. Maximum substitution reported by Matthews 
(12) was 3° of the guanine, whereas in our work it 
was less than 1°7. At the maximum, then. there would 
be an average of 60 substitutions per TMV particle, 
but the range may be from 0 to several hundred. V, 
would represent a low order of substitution and V,, 
a moderate order, on a quantitative basis. There would 
be a similar situation on the replication site. with X 
representing a high order of substitution, M a moder- 
ate and T a low order. 

The number of completely inhibited virus replication 
sites may be approximated by the per cent inhibition 
in total titer. It is apparent that the proportion of 
\,, parallels the per cent inhibition in total titer, and 
both are a function of the 8-azaguanine concentration 
(Fig. 7) and the time of application of 8-azaguanine 
(Fig. 1). The proportion of Vin and the per cent titer 
inhibition are independent of amount of applied TMV 
(Fig. 3). 

The effect of 8-azaguanine in inhibiting systemic 
virus development appears greater than can be aec- 
counted for by replication site inhibition. There are 
several possible mechanisms. 8-azaguanine might in- 
hibit virus movement into or out of the phloem. If 
the translocation form of TMV is pure RNA, as sug- 
gested by the work of Cochran and Chidester (2). 
then the inhibition in systemic development might be 
due to reduced infectivity of the RNA, because RNA 
from virus of treated plants had only 1/5 the expected 
infectivity, based on comparative infectivity of whole 
virus. 

Variation in host-virus response to 8-azaguanine may 
le due to several factors. The different rates of de- 
amination of 8-azavuanine to 8-azaxanthine by guanase 
(11) or the change of 8-azaguanine by other enzyme 
systems in different hosts may be important. Another 
mechanism that may be involved is the configuration 
of the virus replication site in the host. Thus. 8-aza- 
guanine may be more readily attached to a replication 
site in one host than in another host. In P. floridana 
(Fig. 2) there was an initial inhibition of total titer 
of 99°, with treatment. leveling off to 320 in 40 days. 
Contrasted with this was tobacco (Fig. 4), in which 
there was little to no inhibition in total titer. V,, in per 
cent of total titer was 4 times as great in P. floridana; 
moreover, the V,, concentration declined faster in 
tobacco. Thus, both enzyme activity and site configu- 
ration may be involved in the differences between these 
two hosts. 

V, used as inoculum (Fig. 8) was more susceptible 
to 8-azaguanine treatment than normal virus. which 
implies that 8-azaguanine actually induced the virus 
to mutate to V, and the uninfective V,,. The mutant 
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viruses. however, did not interfere with production of 
lesions by normal virus in mixed inocula. Moreover, 
since the change V ——> V, —— V 


reversible, the mutation is a very unstable one, de- 


appears to be 


m 


pendent upon the 8-azaguanine level in the host tissue. 
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SUMMARY 

Single-cell derivatives of 4 isolates of Ps. syringae, 
although they originated from a limited geographical 
area. showed a considerable range of variability in 
pathogenic. antigenic. and phage relationships. 

The presence of cells of different virulence in the 
populations of certain pathogenic isolates, originally 
purified by dilution plate techniques. was evident when 


single-cell derivatives were obtained. Pathogenicity 
and virulence of the resulting clones on several 


host plants were constant. 

Antigenic analysis indicated a considerable degree 
of heterogeneity among the isolates, preventing reduc- 
tion to a single serological group. Serologically in- 
distinguishable virulent and avirulent individuals were 
Pathogenicity was not associated with any 


Isolates DI5A 


observed. 
particular antigenic type or structure. 


and P3 fulfilled Krumwiede’s postulate of serological 


likeness or identity--a complete positive reciprocal 
agglutination absorption was observed in all tests. 
The isolates were serologically identical although their 
pathogenicity was different. 

Infection of the bacterial clones with phages showed 
that isolates DI5A and P3. antigenically identical. 
were also consistently lysed by the same phages. The 
response of other isolates to these phages varied. On 
the basis of phage sensitivity a possible relationship 
was evident between isolates D15, DISA, P3, and H-D. 
The few phages tested, however, did not permit the 
selection of phages specific on bacterial isolates with. 
certain characteristics such as pathogenicity, or of 
phages capable of lysing all isolates tested. 

The lytic reaction was more common among the iso- 
lates than the agglutination reaction. indicating that 
the cell surface characteristics for phage attachment 
were more commonly shared by the bacterial isolates. 
Relative plating efficiency was highly variable. No 
phage specific for any bacterial isolate was found and 
variation among the phages themselves was evident. 


Introduction.—Bacterial canker and blast of stone 
fruits caused by Pseudomonas syringae Van Hall are 
of world-wide distribution but are particularly severe 
along the Pacific Coast of the United States and in 


\ 
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England, Holland, New Zealand, and Australia. 

The causal agent includes a group of usually green- 
fluorescent bacteria that can be isolated from a num- 
ber of sources. including both diseased and healthy 
plant tissues. 

The classification of species of Pseudomonas caus- 
ing bacterial canker and blast of stone fruits is still 
controversial (3, 5, 6. 8. 9, 10. 12, 20, 22. 28. 29, 30, 31, 
32. 33. 34). Wilson (32) and Fuchs (12) found it im- 
possible to distinguish Ps. syringae from Ps. prune ola 
Wormald or Ps. mors-prunorum Wormald on the basis 
of biochemical, pathogeni cultural characteristics. 
The wide range of host plants attacked includes, be- 
sides stone fruits, annual and perennial herbaceous 
plants. Furthermore, isolates of /s. syringae may 
differ in certain biochemical and physiological charae- 
ters, increasing the difficulty of identification and 
classification (3, 10, 20. 22. 30). These facts reflect 
the great range of variability in this species. 

Serological studies (11, 19, 20, 21, 2 


cated the existence of a great number of special forms 


have indi- 


among the pseudomonads: several workers have been 
able to isolate phages attacking these bacteria (7, 13, 
14, 15. 18) but the response to phage and the degree 
of plant pathogenicity were not correlated, 

The present study was made to determine among 
isolates of Ps. syringae found in California the range 
of variability as reflected in pathogenic. antigenic. and 
phage relationships. 

Materials and methods... Origin of isolates..-The 
organisms used were selected from a stock of bae- 
terial cultures maintained in the Department of Plant 
Pathology, Davis. California. The four isolates finally 
chosen were representative ot the pathogenic range 
of the stock and had common characters fitting the 
classification of Ps. syringae. Their origin was as 
follows: D78. rain washings from almond trees 
(March, 1957); DIS. washings from healthy almond 
leaves ‘December, 1956): P3. peach cankers (spring. 
1956): H-D, cherry cankers (May. 1956). 

Preceding the study the isolates had been grown 
1-2 years on artificial media. Their pathogenic be- 
havior was as follows: D78. weakly virulent: DI5 and 
P3, highly virulent on peach trees but weakly virulent 
on beans; and H-D, highly virulent on beans but 
weakly virulent on peach trees 

Culture media.--The liquid media used were: 1) 
nutrient broth (0.307 beef extract Difeo. 0.5°° Bacto- 
peptone, and 2% glycerol in distilled water); and 2) 
potato-dextrose broth (200 of peeled potatoes boiled 
15 minutes in 1 L of tap water: the broth was filtered, 
autoclaved, and stored overnight at 7 the super- 
natant decanted, adjusted to | L with tap water con- 
taining 30 g of dextrose. and autoclaved again). 

Unless otherwise stated. bacteria in liquid media 
were incubated on a New Brunswick rotary shaker 
at 213 rpm at an average temperature of 25 ¢ 

The formation of a green-fluorescent) pigment by 
various bacterial isolates was evaluated on the follow- 


ing semisolid agar medium: 1.067 bacto-agar, 1.0% 


proteose-peptone (no. elveerol. 0.3¢ mag- 
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nesium sulfate. 0.3¢, dipotassium phosphate. and 
0.1°% potassium dihydrogen phosphate in distilled 
water. 

Single-cell isolations.—Single-cell derivatives of each 
isolate were obtained following Lederberg’ = method 

Droplets 60-100 y. in diameter of suitable dilutions 
of bacteria in NB (nutrient broth) were first searched 
with the 10* objective in combination with the annulus 
for the 43 objective of a phase microscope. The re- 
sulting dark field enhanced the possibility of ob-erving 
fast-moving bacteria and quickly selecting the droplets 
with one bacterial cell. Suitable droplets were then 
carefully searched with the 43™ dark M objective with 
the annulus properly set. 

The slides with droplets containing only one cell 
were incubated 24 hours at 25°C in a leveled sterile 
Petri dish lined with moist filter paper. Of the single 
cells isolated, 20-80°7 multiplied: these were  trans- 
ferred with a capillary pipette to tubes containing 
10 ml of NB. 

Lyophilization.Suspensions of single-cell deriva- 
tives were lyophilized in skim milk according tothe 
procedure described in the Manual of Microbiological 
Methods of the Society of American Bacteriologists 
(24). 

Pathogenicity were prepared — by 
growing the bacteria overnight in NB. Turbidity of 
the cultures was adjusted to an optical density of 0.6 
(10° cells ml) with the Bausch and Lomb Spectronice 
20 Colorimeter set at a wave length of 600 my. Optical 
density was measured in Pyrex tubes 13 mm in di- 
ameter. 

All plants used for inoculations in the greenhouse 
were grown in sterile U. C. soil mix C fertilizer IT (2). 

Trifoliate leaves of 2-week-old bean plant- were 
inoculated by twisting the large end of an infested #2 
cork on the upper leaf surface. Inoculated plants 
were incubated 24 hours in a moist chamber averaging 

Stems of Lovell peach seedlings 12-18 in. long were 
pricked with a needle previously dipped into a bae- 
terial suspension. Wet sterile cotton was then wrapped 
around the inoculation site and left for 24 hours. 
Inoculated seedlings were incubated at 20 C in moist 
chambers illuminated with artificial light: after 1 
week, the lengths of the resultant lesions were 
measured. 

During March, Long Stem Bing. Mazzard cherry, 
and Red Haven peach trees, 8-10 years old. were inoc- 
ulated in the orchard. Branches | in. in diameter were 
inoculated with bacterial suspensions. After the sur- 
faces of the branches were wiped with 70°, ethanol, 
a needle was inserted transversally under the bark 
and 0.1 ml of the inoculum was injected with a hypo- 
dermic syringe. The openings were sealed with Scotch 
tape. and the length of the cankers measured after 
weeks. 

Green pods of Red Kidney beans. grown in the 
greenhouse, were harvested when the pods were full 
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length. the seeds partly developed, and the seed coats 
not yet colored. The surface of the pods was treated 
with 70°, ethanol and pricked lightly under droplets 
of bacterial with a 
pods were placed in sterile test tubes lined with strips 
of wet filter paper and kept at 23-25°C. Diameter of 
the resultant lesions was recorded after 2 days. 


suspensions needle. Inoculated 


Serology.—Five single-cell derivatives of Ps. syringae 
were included: D78,. DI5A. P3. H-D. and H-E. Cells 
from nutrient agar cultures were lyophilized to ensure 
that bacteria used in the agglutination tests would be. 
as much as possible, similar to the cells used for the 
immunizing antigens. The pathogenicity of the isolates 
was checked as previously described in the laboratory, 
in the greenhouse, and in the field. 

Cultures from 2 transfer generations. incubated each 
time in PDB (potato-dextrose broth) for 72 hours at 
25°C on a rotary shaker, were used to prepare the 
immunizing antigens. Cells were precipitated in 10 
volumes of acetone and transferred to a sterile mortar. 
The cells were then dried for 3-4 hours in a vacuum 
desiccator. The clumps of dry cells were ground to 
a fine powder, suspended in 1M NaCl (1 g dry cells 
per 50 ml of salt solution), and agitated on a rotary 
shaker for 15 minutes. The suspension was centrifuged 
15 minutes at about 25,000 gravity in a Spinco ultra- 
centrifuge and the supernatant decanted into a 1° x,-in, 
cellulose casing. 


The extract was dialyzed in distilled water at 7°C 
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for 24 hours to a dilution of about 0.14M NaCl. The 
dialyzed extract was sterilized by filtration before being 
used as immunizing antigen. 

Antisera were prepared from New Zealand white 
rabbits (does), 5-6 lb, that before immunization were 
negative for specific agglutinins of the test antigens. 

Immunization was accomplished with 11 injections 
in the marginal ear veins. The initial dose of 0.25 
ml was increased daily by 0.25 ml up to 2 mb. This 
maximum dose was given daily until the tenth day. A 
final immunization of 2 ml was given following a rest 
of } days. 
Five days after the last injection the rabbits were bled 
After clotting. the blood sample 
It was then centrifuged 


Two animals were used for each isolate. 
by cardiac puncture. 
was stored overnight at 7°C. 
and the supernatant serum withdrawn and mixed with 
0.01° merthiolate and stored in the refrigerator at 
re. 

Test antigens were prepared by reviving in NB the 
previously lyophilized cultures, which were simultane- 
ously tested for pathogenicity and purity. Cultures 
18 hours old, grown in PDB, were killed by keeping 
them at 60°C for 45 minutes, then centrifuged 4 times 
for 15 minutes at about 14,000 gravity; after each 
centrifugation the sedimented cells were resuspended 
in 0.14M NaCl. The final suspension had a cell density 
comparable to 1.5—2 by the McFarland turbidity stand- 
ard (1 ml 1% BaCl, in 98 ml 1% H.SO,). 

The methods of Krumwiede et al (16) for aggluti- 


Fig. 1. 


Lesions caused by bacterial isolates on leaves of Red Kidney beans. A) control: B) D115; and C) H-D. 
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nation and reciprocal agglutination absorption were 
followed to determine the antibody titer of each anti 
serum for homologous and heterologous reactions. 
Titers were recorded as the reciprocal of the last 
dilution of antiserum showing definite agglutination. 

One-half-ml amounts of antisera. diluted 2 to 25.600 
times with 0.14M NaCl. were mixed with 0.5-ml 
amounts of test antigen in Kahn tubes. The mixtures 
were incubated 2 hours at 37 C. then overnight at 7°C, 

For reading the degree of macros¢ opi agglutination 
the tubes were set side by side in a wooden rack and 
examined under oblique light. Clumped cells were 
resuspended by lowering the rack of tubes to a hori. 
zontal position momentarily. then returning it to an 
upright position. The tubes were thus handled uni- 


Fig. 2.— Lesions caused by bacterial isolates on pods of Red Kidney beans. A) control: 
and E) H-F. 
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formly and the degree of agglutination easily deter- 
mined, 

Bacteriophagy.-Samples ot Yolo clay loam were 
collected in July at Davis from 1—2 in. below the soil 
surface beneath peach, almond, cherry, plum. and 
apricot trees. 

Phages were isolated by the soil enrichment tech- 
nique. The methods used to isolate and purify phages 
in the soil extracts and to prepare stocks of various 
phages were essentially those of Adams (1). At least 
} successive single-plaque transfers were made before 
phage stocks were prepared. 

Electron microscopy, by the method of Williams 
and Fraser (27). was conducted on phage stocks that 
were purified by differential centrifugation and air- 
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B) D115: C) H-D: D) H-DA, 
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dried. One hundred and fifty ml of a 12-hour-old 
culture in NB were transferred to an aerated glass 
tube (input ratio of phage to bacteria 1:100). Tur- 
bidity was measured every 2 hours with a Bausch and 
Lomb Spectronic 20 Colorimeter (€00 m uw) and lysates 
centrifuged at maximum lysis. 

Five successive centrifugations were made. alter- 
nately 5 minutes at about 3.000 gravity and 60 min- 
utes at about 6,000 gravity. Pellets were resuspended 
in distilled water, but final suspensions were in 0.05% 
OsO,. 


and suitable dilutions sprayed on 200-mesh electron 


Infectivity of pure preparations was verified 


microscope grids with a Vaponefrin glass nebulizer. 


Results.— Pathogenicity tests.—Results in pathogeni- 


city tests were similar for bacterial suspensions in NB, 


Fig. 3. 
inoculated lateral branches: 


side of inoculation: leaves and lateral branches unaffected. 
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washed cells centrifuged and resuspended in NB. 
and bacteria scraped from slants into sterile distilled 
water. When cultures of the pathogenic isolates were 
filtered ( Millipore filter, pore size 0.45 mu), the sterile 
filtrates did not cause disease. 

On pods and leaves of Red Kidney beans, infecting 
doses of 10° bacterial cells were used: a 1:100 dilu- 
tion of this inoculum density greatly reduced disease 
development, whereas at higher doses up to 10° cells 
the virulence of the organisms remained the same. 
There 


tached pods in disease reaction. 


was no difference between attached and de- 


Isolates D78 and H-E were avirulent when inocu- 


lated on bean leaves in the greenhouse. whereas iso- 
lates D1I5 and P3 produced necrotic lesions limited to 


Infection of Lovell peach seedlings. A) Isolate P3 caused severe necrosis girdling the stem and affecting un- 
leaves entirely necrotized and gum produced. B) Isolates H-D produced lesions limited to the 
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Table 1.—Pathogenic behavior of 6 isolates of Pseudomonas syringae on different hosts. 


Bacterial Red kidney 

isolate bean leaves 

D78 avirulent 

DIS limited necrosis 
limited necrosis 
P3 limited necrosis 
H-D widespread hecrosis 
H-E ‘virulent 


the inoculated area, and H-D was highly pathogenic. 
causing a widespread necrosis (Fig. 1). 

On pods of Red Kidney beans H-D was highly patho- 
genic, causing extensive brown lesions. As few as 
5-10 cells, determined by direct count. were able to 
initiate infection. Marked variation in virulence was 
found in cultures of H-D purified by dilution plate 
technique: one single-cell derivative, H-DA, was more 
virulent than the parent culture. whereas another 
single cell derivative H-E was less virulent (Fig. 2). 
The reaction of isolate H-E on pods of Red Kidney 
beans was not changed after 8 successive inoculations 
and reisolations under laboratory conditions 

In greenhouse tests on seedlings of Lovell peach. 
isolates D78 and H-E were avirulent. whereas H-D 
and DI5A produced dark-brown lesions up te 15 mm 
long. extending in both directions from the point of 
inoculation. Isolates DIS and P3 caused lesions up to 
70 mm long, often girdling the stems. affecting lateral 


branches, and resulting in complete necrosis of the 


Red kidney 


bean pods 


Maximum lesion length or diameter (mm) 
Long Stem Bing 
cherry branches 


Lovell peat h 
seedlings 
avirulent 


avirulent avirulent 


5 70 50 
2 15 
5 70 60 
20 15 10 


avirulent avirulent avirulent 


leaves (Fig. 3). It was also found that the younger 
tissues in upper half of the stems of peach seed- 
lings were more susceptible to canker than the lower 
part. The virulence of the bacterial isolates was simi- 
lar in both greenhouse and field tests. The pathogenic 
behavior of the isolates on various hosts is given in 
Table 1. 

Serology. Lyophilized cultures that were revived 
and used for antigens were free of contaminants and 
gave on beans and peach seedlings the same response 
recorded in previous pathogenicity tests. 

Titer data for homologous and heterologous re- 
actions of isolates D78. DISA. P3. H-D. and H-E are 
summarized in Table 2. Fig. 4 is representative of the 
agglutination reactions observed. 

isolates DISA and P3 were agglutinated at the same 
titer in cross-agglutination tests as in their respective 
homologous reactions (Table 2. lines 7 and 13). Cross- 
agglutination with antisera of other isolates also con- 
firmed the antigenic similarity of isolates DIS \ and 


Table 2. Serological analysis of five isolates of Ps. svringae.* 


Absorbed with 


Line (Antiserum organism 
] D78 L nabsorbed 
2 D78 
3 DISA 
H-D 
6 H-E 
7 DISA | nabsorbed 
8 
9 DISA 
10 P3 
H-D 
12 H-E 
13 P3 nabsorbed 
14 D78 
15 DISA 
16 P3 

17 H-D 
18 
19 H-D lL nabsorbed 

20 D78 

21 DISA 

22 P3 

H-D 

24 H-E 

25 H nabsorbed 

26 D78 

27 DISA 

28 P3 

29 H-D 

30 H-E 


Titer when tested with organism 


D78 DISA P3 H-D H-E 
3200 200 200 25 0 
0 0 0 0 
800 0 0 0 0 
800 0 0 0 0 
3200 200 200 0 0 
1600 200 200 0 0 
0 3200 3200 5 0 
7] 1600 1600 0 0 
0) 0) 0) 0) 0 
0 0 0 0 0 
0 1600 1600 0 (0) 
0 1600 1600 0 0 
10 3200 3200 5 0 
0 16000 1600 0 0 
0) 0 0 0 
0 0 0 0 0 
0 1600 1600 0 0 
0 800 1600 0 0 
0 0 5 200 
0 0 0 200 0 
0 0 0 3200 0 
0 0 0 1600 0 
0 0 0 
0 0 100 0 
0 200 200 LOO 16000 
0 0 0 0 1600 
0 0 0 0 800 
Q 0 0 0 800 
0 0 0 0 BOO 
0) 0 0 0 0 


‘Figures indicate the reciprocal of the last dilution of antiserum showing definite agglutination. 
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Table 3.—Characteristics of 7 phage stocks used to study 
relationships among isolates of Ps. syringae and related 
bacteria. 


Soil enriched Plaque 


Phage with organi:m morphology 

1 DI5A pinpoint turbid 

2 D15 3 mm turbid 

3 P3 pinpoint turbid 

} P3 0.5-1 mm turbid 

4 P3 2-3 mm turbid 

6 P3 2-3 mm clear 

7 - 1-2 mm clear, a mutant of 5 


P3 (Table 2. lines 1, 19, and 25). A weak antigenic 
relationship was apparent between D78 and P3 or 
DISA. 


found in heterologous reactions involving D78 and H-D 


In contrast. no antigenic relationships were 


or H-E isolates. Isolate H-E showed a weak antigenic 
relationship with DISA and P3. A weak relationship. 
was also apparent between isolates H-D and H-E. 

These antigenic relationships were further tested in 
reciprocal agglutination absorption tests. Absorption 
of each antiserum with its homologous antigen removed 
all the antibodies, as indicated by subsequent negative 
agglutination reactions in homologous systems. Treat- 
ment of each antiserum with a heterologous antigen re- 
for that particular 
antigen. The degree of antibody absorption by hetero- 


moved any antibodies specific 
logous antigens was taken as a measure of serological 
identity the and 
antigens based on the interpretation of Krumwiede et 
al (16). 

Antiserum of isolate D78 absorbed with antigens of 
DI5A and P3 (Table 2. lines 3 and 4) 


titer of the homologous reaction, showing a weak anti- 


between homologous heterologous 


reduced the 


genic relationship. Absorption of antiserum of isolate 
D78 with antigens of both H-D and H-E isolates (Table 
2. lines 5 and 6). did not alter the titer of the homo- 
logous reaction significantly, indicating little or no 
antigenic relationship. 

Antiserum of DISA absorbed with antigens of D78 
(Table 2. line 8) did not significantly alter the titer 
of the absorbed serum for DI5A and P3, again indicat- 
ing little or no antigenic similarity between D78 and 
DISA or P3. 
antigen of P3 and vice versa (Table 2. lines 10 and 
15 


tination 


Absorption of antiserum of DI5A_ with 


showed complete absorption in subsequent agglu- 
tests. indicating that isolates DISA and P3 
were antigenically identical. Absorption of antiserum 
DI5A with antigens of beth H-D and H-E (Table 2, 
lines 1] and 12) did not significantly alter the titer 
of the absorbed serum for DI5A or P23. 
or no antigenic relationship. 
Antiserum of P3 absorbed with D78. H-D. or H-E 
reacted strongly with antigens of DISA and P3 (Table 


indicating little 


2. lines 14. 17, and 18). supporting the other reactions 


Antiserum H-D. absorbed by all the other organisms 


indicating the antigenic identity and 
(Table 2. lines 20 through 24), gave no indication of 
an antigenic relationship with P3, DISA. or D78& A 
weak relationship was found between H-D and H-E. 
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Table 4. Reaction of bacterial isolates to phages. 
Phage" 

Isolate l 2 3 } 5 6 7 
D78 
DISA 4 4 4 
P3 +> > +> +> + > + 
H-D 4 if, 4 
H-E 
Ps. fluorescens 


Ps. 


mors-prunorum 


+ indicates plaque formation; 
formation, 


indicates no plaque 


Finally, absorption of antiserum H-E with antigens 
of all the other isolates (Table 2, lines 26 through 30) 
indicated a weak antigenic relationship between H-E 
and DI5A, P3, or H-D, and no relationship with D78. 
In further tests, of DISA with 
‘antigen of D15 (virulent parent) to give a titer of 
? 1600, vs. the homologous titer of 3200. One isolate 
Migula from Dr. P. 
Burkholder) and one of Ps. mors-prunorum Wormald 
(originally isolated by Dr. J. EF. 
antigenic similarity to D78 or P3 in cross-agglutina- 
tion tests. 


antiserum reacted 


of Ps. fluorescens (originally 


Crosse) showed no 


Bacteriophagy. 
in Table 3. 
Small turbid and large clear plaques were visible 


The 7 phages isolated are described 


at 12-15 hours: large turbid plaques appeared at 
24-48 hours. Secondary bacterial growth appeared 


all 


plaques produced by the last two 


readily inside the plaques produced by phages 


except 6 and 7; 
remained clear and with individual colonies only (Fig. 
5). Type and size of plaques produced by the same 
phage on different isolates varied (Fig. 5). and none 
of the phages found were specific for a single bae- 
terial isolate. 

The reaction of bacterial isolates to phages and the 
relative plating efficiency of -phage stocks are sum- 
marized in Tables 4 and 5. 

Electronmicrographs from purified stocks revealed 
although 


a similar morphology for phages 1, 3 and 7, 


size. type of plaques. and host range were consider- 


ably different. Phages consisted of typical tailed 
particles with appendages: the hexagonal shape of 
the head was maintained in air-dried preparations 


(head 100 my wide, tail 150 mp long and 30 mp 


thick). At least 3 fibers were associated with the 


tail (Cf. Fig. 6). 


Fig. 4.—-Organism DI5A agglutinated by antiserum of 
P3. From left to right: antiserum control; selected dilu- 
tions of 25, 100, 400, 800, and 3200; and antigen control. 
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Electronmicrographs ot phages 2. 4. 5. and 6 were 


not clear enough for comparisons with the other phage 
preparations. 


Discussion and conclusions. /’athogenicity.— The 


bacterial isolates included in this study differed con- 
siderably in their pathogenicity or virulence on dif- 
ferent hosts. Cells with different virulence were ob- 
served in the population of certain bacterial isolates. 
originally purified by dilution plate techniques, when 
single-cell derivatives were obtained. One single-cell 
derivative of isolate H-D proved more pathogenic on 
beans than the stock culture. whereas another single- 
cell derivative was avirulent. Isolate DISA. a single- 
cell derivative of DI5. was less pathogenic on peach 
seedlings than its virulent parent. In contrast. patho- 
venicity of 10 single-cell derivatives of isolate P3 and 
15. single-cell derivatives of isolate D78 was not sig- 
nificantly different from that of their stock cultures. 

The search should be continued for a fast-growing 
host plant on which the infecting dose of bacterial 
cells could be accurately determined. Rean pods are 
a suitable material in this respect. but they are not 
reliable testers for stone fruit pathogens. 

Serology.—Vennes and Gerhardt (26) made a com- 
parative analysis of the major cell structures of Bacil 
lus megatherium in a quantitative complement-fixation 
test. They reported that the injection of the intact 
cell stimulated the formation of antibodies to each of 
the component structures. Cell walls were the loci 
for the reactive surface antigens. and antibody globu- 
lin did not penetrate the cell wall. 

Reid et al (21) could not differentiate serologically 
a great number of green-fluorescent pseudomonads, 
when live and killed entire cells were used as im- 
munizing antigens. 

In the present study a method of antigen prepara- 
tion was adopted that detected slight differences be- 
tween isolates of Ps. syringae: the immunizing antigen 
was prepared as previously described to stimulate the 
formation of antibodies to each of the antigenic com- 
ponents of the bacterial cell. comprising those avso- 
ciated with the cell wall structures as well as those 
of the inner cell. 

Results of reciprocal agglutination absorption were 
in agreement with those suggested by cross-agglutina- 
tion. and only isolates DISA and P3 were antigenically 
alike. There was either no agglutination for the other 
isolates. or agglutination only at low antiserum dilu- 
tions. These observations were supported by the un- 
changed titers after absorption 

These results indicate. among the isolates of Ps. 
svringae studied. a considerable degree of hetero- 
geneity that would be difficult to reduce to a single 
serological group by antigenic analysis. 

Organisms DI5A and P3_ fulfilled Krumwiede’s 


Fig. 5. Morphology of plaques induced by phages on 
bacterial isolates, A) phage 1 on DI5A; B) phage 2 on 
D15; €) phage 4 on P3: D) phage 4 on H-D: and E) 
phage 6 on P3. 
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Table 5. Relative plating efhciency of phage preparations on 4 isolates of Pseudomonas syringae.” 


Bacterial Phages 


jsolate ] 2 o 


} 6 


1.0x1071 1.00) 2.0x108(0.50) 3.0x102°(0.50) 1.2x101110.92) 6.0x10° (0.30) 4.0x10°(0.60) 


0 1.0x107 11.00) 0 2.7x105(<0.001) 1.0x108(<0.001) 1.0x109(0.14) ) 
P3 1.0x10°10.10) 1.0x108(0.10) 1.3x1011(1.00) 2.0x 1081 1.00) 7.0x10°¢1.00) 
H-D 0 3.0x10°(0.30) 4.0x10'°(0.66) 0 0 1.0x 108 10.002) 


*First figures in each column indicate the observed number of plaques; figures between parentheses show the ratio 


plaque count on each isolate tested 
plaque count on homologous host 


Plaque counts on homologous hosts are underscored. 


postulate (16) of serological likeness or identity: a 
complete positive reciprocal agglutination absorption 
was observed in all tests. The two isolates appeared 
to be serologically identical although their pathogeni- 
city differed strongly. The presence of serologically 
indistinguishable virulent and avirulent individuals in 
the same population was shown in this study. Patho- 
genicity was not associated with any particular anti- 
genic type or structure. 

Isolate H-E, which was avirulent on beans. showed 
a weak antigenic relationship to its original stock. Its 
identity. however. was not otherwise established. This 
avirulent isolate also showed very weak antigenic re- 
lationships with the other isolates. Reactions at only 
low antiserum dilutions in cross-agglutination and re- 
ciprocal absorptions led to the assumption that this 
isolate possesses some nonspecific antigen absent in 
the other isolates as certain combinations of agglu- 
tinins and cells gave negative reactions. whereas the 
reverse reactions were positive (lines 7. 13. and 25. 
Table 2). 

Ps. fluorescens and Ps. mors-prunorum, a green- 
fluorescent nonpathogen and a nongreen-fluorescent 
pathogen. could net be related to the isolates with 
which they were tested. It is realized. however. that 
these two species also include many strains not avail- 
able for comparison that might have reacted dif- 
ferently. 

Isolate D78 showed a very weak antigenic relation- 
ship with DISA and P3. and little if any with both 
H-D and H-F. 

Isolate H-D. which was characterized by a slimy 
growth and mucoid colonies. did not share any anti- 
genic component with the other organisms tested. 
Strains antigenically identical in the “S” phase could 
differ serologically in the “M” phase (4). In this study. 
however, the preparation of the immunizing antigen 
should have removed any influence of the mucoid sub- 
stance that did not bleck agglutination with homo- 
logous antiserum. 

This study showed the feasibility of employing sero- 
logical methods to distinguish different strains of Ps. 
syringae in the laboratory. 

Bacteriophagy.—The phage-lysis technique used also 
indicated a high degree of variability and the existence 
of special forms within the species Ps. syringae. 

Infection of bacteria with phages showed that iso- 


lates DISA and P3. antigenically alike. were consis- 
tently lysed by all phages. Response to phages varied 
in isolates DI5 and H-D. Isolate H-D. which showed 
little if any antigenic relationship with the other iso- 
lates. was lysed by 4 phages, showing a common lytic 
reaction with isolates D1I5, DISA, and P3. Common 
surface antigens for positive agglutination on cells of 
isolate H-D were apparently not extensive: surface for 
the phage attachment was more commonly shar d by 
the bacterial isolates. 

Relative plating efficiency was highly variable. No 
phage was specific for any isolate. but variation was 
evident among the phages themselves. 

If Ivsis of bacteria is taken as an indication ot 


biological relationships. phages 2 and 4 would indicate 
similarity between four bacterial iselates: DISA, 


j we, 
> 
¥ 


Fig. 6.—-Electronmicrograph of a field of air-dry particles 
of phage 7 showing the hexagonal structure of the head. 
Fibers seem attached to a knot at the end of the tail. Urani- 
um shadow 3:1, « 36,000. 


898 PHYTOPATHOLOGY 


P3 and H-D. Phages 3 and 7 would exclude isolate 


D115: phages 5 and 6 would differentiate isolate H-D, 


and phage 1 would separate isolates D15 and H-D. 

It is expected that the isolation of more phages or 
selection of mutants would increase the range of this 
variation, and one phage endowed with a high degree 
of plasticity could lyse more or all isolates. A phage 
able to lyse numerous strains of 14 species of Xantho- 
monas was found by Sutton et al (25). 

No phages were found for isolates D78, H-D, and 
H-E, but in this limited search phages with low viru- 
lence or slow absorption. or those that were lysogenic, 
may have been overlooked. 

Isolates D78 and H-E were resistant to all phages 
tested. This condition alone does not exclude the 
possibility of any relationship. but lack of lysis in 
these two isolates was also in agreement with lack of 
agglutination in heterologous serological reactions. 

Stocks of phages 1. 2. and 5 were never obtained 
in high titers and readily lost their infectivity. These 
phage preparations were maintained by frequent 
transfers from young plaques followed by incubation 
with their homologous bacterial isolates. These phages 
could have induced lysogenicity in the isolates from 
which they were isolated and have been reduced to 
prophages, which were responsible for the low titers 
of the stocks. When colonies growing inside turbid 
plaques induced by phage | were transferred to NB. 
new phage particles were liberated. The partially 
turbid culture, used as lysate. was useful for recover- 
ing this phage. 

Phage sensitivity in the tests performed indicated a 
possible relationship between isolates DI5. DISA. P3. 
and H-D. The limited number of phages tested. how- 
ever, did not permit the selection of phages specific 
on bacterial isolates with certain characteristics such 
as pathogenicity, or of phages capable of lysing all 
isolates tested. 

The phage study, although not strictly correlated 
with the serological analysis. proved of value as a 
preliminary test in obtaining information on relation- 
ships among bacterial isolates and eventually in re- 
ducing the number of isolates to be included in a more 
complete serological test. 

The high degree of variability among isolates of 
Ps. syringae and among their phages from different 
geographical areas should receive careful considera- 
tion before emphasizing differences such as infectivity 
on a particular host or lysis by a certain phage. 
Bacterial isolates from one area may become adapted 
to a new host as a consequence of greater variability 
or broader specialization: similarly one particular 
phage may infect more bacterial isolates than another 
because of the variability within the strains of phages. 
The difficulty of covering the full range of variability 
among bacterial and phage strains from different areas 
is realized. A range of variability must be expected in 
standard tests on the basis of fine cytoplasmic and 
somatic differences that do not allow the reduction 
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of highly specialized biological forms to one single 
group.—Department of Plant Pathology, University of 
California. Davis. 

LITERATURE CITED 

1. Adams, M. H. 1956. Methods of study of bacterial 
viruses. Methods in Med. Research Vol. 2 Sect. 1:1-73. 

2. Baker, K. F. 1957. The U. C. system for producing 
healthy container-grown plants. Calif. Univ. Agr. Expt. Sta. 
Ext. Serv. Manual 23. 

3. Clara, F. 1934. A comparative study of the green- 
fluorescent bacterial plant pathogens. Cornell Univ. Agr. 
Expt. Sta. Mem. 159. 

1. Coleman, Madeline, and J. J. Reid. 1945. A. serologi- 
cal study of strains of Alealigenes radiobacter and Phyto- 
monas tumefaciens in the M and S phases. J. Bacteriol. 
19:187-192. 

5. Crosse, J. E. 1953. Bacterial diseases of stone-fruit 
trees in Britain. IX. Bacteriosis of apricot. Brit. Mycol. 
Soc. Trans. 36:38-45. 

6. Crosse, J. E. 1954. Bacterial canker, leaf spot, and 
shoot wilt of cherry and plum. Ann. Rept. East Malling 
Research Sta. 1953:202-207. 

7. Crosse, J. E. 1959. Plant pathogenic bacteria and 
their phages. Commonwealth Phytopathol. News Vol. 5: 
17-19. 

8. Dowson, W. J. 1939. On the systematic position and 
generic names of the gram-negative bacterial plant patho- 
gens. Zentr. Bakteriol. Parasitenk. Abt. If 100:177-193. 

9. Dye, D. W. 1954. Blast of stone-fruit in New Zealand. 
New Zealand J. Sci. Technol. 354A :451-461. 

10. Erikson, Dagny. 1945. Certain aspects of resistance 
of plum trees to bacterial canker. [. Some biochemical 
characteristics of Pseudomonas mors-prunorum and related 
phytopathogenic bacteria. Ann. Appl. Biol. 32:44-52. 

ll. Friedman, B. A. 1953. Serological tests with some 
phytopathogenic species. Phytopathology 43:412-414. 

12. Fuchs, A. 1957. Bacteriekanker bij Steenvruchten. 
If. De Identiteit van Pseudomonas mors-prunorum Wor- 
mald en Pseudomonas syringae Van Hall. (English sum- 
mary). T. Pl. ziekten 63:45-57. 

13. Fulton, R. W. 1950 Bacteriophages attacking Pseudo- 
monas tabaci and P. angulatum. Phytopathology 40:936-949. 

14. Katznelson, H., and M. D. Sutton. 1951. A> rapid 
phage plaque count methed for the detection of bacteria 
as applied to the demonstration of internally borne bacterial 
infections of seeds. J. Bacteriol. 61:689-701. 

15. Klement, Z.. and Mary Hevesi. 1959. Occurrence of 
Pseudomonas lachrymans in Hungary and Rumania and its 
bacteriophage. Research Institute for Plant Proteetion 
Budapest. Omagiu Lui Traian Savulescu CU PRILEJUL 
IMPLINIRIT A 70 DE ANI. 

16. Krumwiede, C., Georgia Cooper, and Dorothy Provost. 
1925. Agelutinin absorption. J. Immunol. 10:55-239. 

7. Lederberg, J. 1954. A simple method for isolating 
individual microbes. J. Bacteriol. 68:258-259. 

18. Matsumoto, T., and N. Okabe. 1935. Bacteriophage 
in relation to Bacterium solanacearum. I. Temperature re- 
lation, specificity and serological reaction. J. Soc. Trop. Agr. 
7:130-139. (Abstr. Rev. Appl. Moeol. 14:686,. 1935). 

19. Munoz, J.. M. Scherago, and R. H. Weaver. 1949. 
\ serological study of members of the Pseudomonas genus. 
J. Bacteriol. 57:269-278. 

20. Mushin, Rose. J. Naylor, and N. Lahovary. 1959. 
Studies of plant pathogenic bacteria. Cultural bio- 
chemical characters. I]. Serology. Australian J. Biol. Sei. 
12:223-246. 

21. Reid, J. J.. J. Naghski, M. A. Farrell, and D. E. 
Haley. 1942. Bacterial leafspots of Pennsylvania tobacco. 
Occurrence and nature of the microorganism associated 
with wildfire. Penna, State Coll, Agr. Expt. Sta. Bull. 422. 

22. Rhodes, Muriel E. 1959. The characterization of 
Pseudomonas fluorescens. Gen. Microbiol. 21 :221-263. 

23. Rosen, H. R., and W. L. Bleecker. 1933. Comparative 
serological and pathological investigations of the fire- 


— 


_blight organism and a pathogenic fluorescent group of 


bacteria. J. Agr. Research 46:95-119. 


M. 
res 
136 
an 
bac 
sha 
cog 
am 
of 
the 
sha 
cep 
tha 
san 
enc 
sus 
wit 
fun 
log: 
hyp 
tiss 
ten: 
pro 
and 
rela 
host 
con 
sitiy 
witl 
plet 
serv 
pre 
exte 
tible 
deve 


Ss 


Ba 
M 
A 
Xa 
an: 
the 
pri 
fru 
I 
De 
leg 
116 
Ex; 
71 
abl 
the 
I 


POWELL AND NUSBAUM: 


December, 1960 | 


24. Society of American Bacteriologists, Committee on 
Bacteriological Technic. 1957. Manual of Microbiological 
Methods. McGraw-Hill Book Co. 315 p. 

25. Sutton, M. D., H. Katznelson, and C. Quadling. 1958. 
A bacteriophage that attacks numerous phytopathogenic 
Xanthomonas species. Can. J. Microbiol. 4:493-497. 

26. Vennes, J. W., and P. Gerhardt. 1959. Antigenic 
analysis of cell structures isolated from Bacillus mega- 
therium. J. Bacteriol. 77: 581-592. 

27. Williams, R. C., and D. Fraser. 1953. Morphology 
of the seven T-bacteriophages. J. Bacteriol. 66:458-464. 

28. Wilson, E. E. 1931. A comparison of Pseudomonas 
prunicola with a canker-producing bacterium of stone- 
fruit trees in California. Phytopathology 21: 1153-1161. 

29. Wilson, E. E. 1933. Bacterial canker of stone-fruit 


BLACK SHANK-ROOT-KNOT COMPLEX IN TOBACCO 


trees in California. Hilgardia 8:83-123. 
30. Wilson, E. E. 1934. Variability of 


Pseudomonas 
cerasi in physical characteristics of growth on solid media. 
Phytopathology 24:548-550. 


31. Wilson, E. E. 1936. Symptomatic and etiological 
relations of the canker and the blossom blast of Pyrus and 
the bacterial canker of Prunus. Hilgardia 10:213-240. 

32. Wilson, E. E. 1953. Bacterial canker of stone fruits. 
U.S.Dept. Agr. Yearbook on Plant Diseases. p. 722-729. 

33. Wormald, H. 1930. Bacterial diseases of stone fruits 
in Britain. Bacterial shoot wilt of plum trees. Ann. Appl. 
Biol. 17:725-744. 

34. Wormald, H. 1932. Bacterial diseases of stone-fruit 
trees in Britain. IV. The organism causing bacterial 
canker of plum trees. Brit. Mycol. Soc. Trans. 17:157-169. 


THE BLACK SHANK-ROOT-KNOT COMPLEX IN FLUE-CURED TOBACCO 
N. T. Powell and C. J. Nusbaum 


Respectively, Research Assistant Professor and Professor, 
Department of Plant Pathology, North Carolina State Col- 
lege, Raleigh. 

Accepted for publication July 5, 1960. 

Published with approval of the Director as Paper No. 
1167 of the Journal Series of the North Carolina Agricultural 
Experiment Station. 

The authors are indebted to Dr. E. L. Moore for valu- 
able advice and assistance on the hybridization phases of 
the investigations. 

SUMMARY 

Resistance to Meloidogyne incognita incognita and 
M. incognita acrita was incorporated into black-shank- 
resistant tobacco varieties Dixie Bright 101 and Coker 
139 by a backcross procedure. The recurrent parents 
and root-knot-susceptible and -resistant segregates of 
backcross progenies were inoculated with the black 
shank fungus alone and in combination with M. in- 
cognita acrita. Black shank was much more severe 
among plants of the recurrent parents in the presence 
of both pathogens than among plants inoculated with 
the fungus alone. Similarly. the incidence of black 
shank was significantly higher among root-knot-sus- 
ceptible segregates inoculated with both pathogens 
than among root-knot-resistant segregates under the 
same conditions. There were no appreciable differ- 
ences in black shank development between root-knot- 
susceptible and -resistant segregates when inoculated 
with the fungus alone. 

Root infections involving both the black shank 
fungus and root-knot nematodes were studied histo- 
logically. The fungus apparently had an affinity for 
hypertrophied and hyperplastic areas of galled root 
tissue. In such regions, the mycelium was more ex- 
tensive and vigorous than in nongalled areas. Hyphae 
progressed rapidly and directly into hyperplastic tissue 
and giant cells. After fungus invasion, a compatible 
relationship apparently existed between pathogen and 
host cells undergoing hyperplasia. Giant cells, although 
conducive to fungus invasion, seemed highly sen- 
sitive to infection. They degenerated rapidly and, 
within 72 hours of fungus invasion, appeared com- 
pletely devoid of protoplasm. Histopathological ob- 
servations indicated that root-knot nematode infection 
predisposes plants to black shank invasion, to the 
extent that roots of black-shank-resistant and -suscep- 
tible plants become a suitable substrate for fungus 
development. 


Several kinds of soil-borne microorganisms, includ- 


ing species of fungi, bacteria, and nematodes, are 
causal agents of the most important diseases of flue- 
cured tobacco in North Carolina. Each disease is dis- 
tinctive, but the over-all disease situation is complex 
because two or more pathogens may overlap at varying 
infestation levels. Hence, disease control requires an 
understanding, not only of the behavior of each dis- 
ease individually, but also of various combinations of 
diseases. This paper is concerned with an important 
complex involving two of the most widespread and 
destructive tobacco diseag@s, black shank, caused by 
Phytophthora parasitica var. nicotianae (Breda de 
Haan) Tucker, and root knot, caused by nematodes of 
several species of the genus Meloidogyne, Goeldi. 

Following pioneer work by Tisdale (13) in develop- 
ing black-shank-resistant varieties of cigar wrapper 
tobacco, breeding for resistance has become the basis 
for control programs in North Carolina and other 
areas. Florida 301, Tisdale’s original resistant variety, 
is the source of resistance in the black-shank-resistant 
varieties of flue-cured tobacco now in use. 

Lacking resistant varieties, the root-knot nematode 
control program is based on various cropping systems 
(3), cultural practices, and nematocidal soil fumigants 
(8). Certain cropping systems are effective in re- 
ducing root-knot nematode populations, but control by 
this means is often difficult and uncertain. Rotations 
involving two or more resistant crops between tobacco 
crops are desirable, but involve much land area, often a 
critical consideration in flue-cured tobacco culture. 


Clayton et al (2) initiated breeding work in tobacco 
on resistance to root-knot nematodes using as a source 
of resistance TI 706 (accession number of the Tobacco 
Section, U. S. Department of Agriculture, referring to 
Plant Introduction 116,080). However, resistance was 
closely linked with factors for undesirable characters. 
To break this linkage, a root-knot-resistant line re- 
sulting from backcrossing TI 706 and flue-cured tobac- 
co was crossed with the amphidiploid, Nicotiana syl- 
vestris-tomentosiformis. This cross yielded some lines 
highly resistant to root knot and devoid of the char- 
acters formerly associated with resistance. These 


lines possessed dominant monogenic resistance to M. 


— on — — 
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incognita incognita and M. incognita acrita (4). All 
species of Meloidogyne known to occur in North Caro- 
lina are pathogenic on tobaceo, but only the above 
species are important pathogens of this crop at present 
(11). 

Tisdale (13) called attention to the relationship 
between black shank and root knot when he observed 
that resistance to black shank in certain tobacco 
breeding lines was reduced in the presence of root-knot 
nematodes. Moore and co-workers (5) noted a similar 
relationship. Also. black shank is less severe in re- 
sistant varieties when preplant treatments of nema- 
tocides are applied to fields infested with both patho- 
gens (7). Greenhouse tests by Sasser, Lucas, and 
Powers (12) demonstrated that black shank was in- 
variably more severe when soils were infested with 
both pathogens than when only the black shank 
fungus was present. These observations and studies 
indicate that interaction between the fungus and root- 
knot nematodes may be involved when losses to black 
shank are heavy in plantings of varieties resistant to 
this disease. 

The availability of root-knot nematode resistance in 
tobacco provides a new approach to study the inter- 
action between the black shank fungus and root-knot 
nematodes. Experiments were designed to determine 
1) the effect of incorporating root-knot resistance into 
black-shank-resistant lines and the response of these 
lines to black shank in the presence of root-knot nema- 
todes, and 2) the nature of the black shank-root-knot 
relationship in roots infected with both pathogens. To 
achieve the first objective. black shank infection was 
measured in both root-knot-inoculated and root-knot- 
free plants of both root-knot-resistant and -susceptible 
segregates from backcross lines carrying resistance to 
black shank. The black-shank-resistant root-knot- 
susceptible recurrent parents were included as checks. 
Information on the second objective was obtained 
from a comparative histopathological study of the in- 
vasion of root-knot galls and healthy roots by the 
black shank fungus. A preliminary report has been 
published (9). 

Materials and methods. \ backcross technique was 
used to incorporate resistance to M. incognita incog- 
nita and M. incognita acrita into commercial black- 
shank-resistant varieties. Two breeding lines, Bel 4-30 
and Bel 5-56. obtained from the U. S. D. A. were 
sources of root-knot resistance. and the black-shank- 
resistant varieties Dixie Bright 101 and Coker 139 
were the recurrent male parents. Segregating popu- 
lations were selected for root-knot resistance, and only 
resistant individuals were used as female parents. 
Thus, there were two families of plants: Dixie Bright 
101 & Bel 5-56 and Coker 139 & Bel 4-30. The two 
families were carried through 2 and 3. backcross 
generations, respectively 

Two hundred plants from each of the BC, and BC, 
generations of the Dixie Bright 101 family and from 
the BC, and BC, generations of the Coker 139 family 


were transplanted singly into 4-in. clay pots contain- 
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ing soil heavily infested with eggs and larvae of M, 
incognita acrita, and allowed to grow for 30 days in 
the greenhouse at about 80°F. The roots were then 
examined for galls, and classified as susceptible or 
resistant. A terminal vegetative cutting was taken 
from each plant when classified for root-knot reaction, 
treated with Rootone (active ingredient. indoleacetic 
acid), and rooted in flats of steam-sterilized coarse 
sand. 

Rooted cuttings from both root-knot-resistant and 
-susceptible plants were further subdivided into 2 
groups of 20 plants each. One group each of resistant 
and susceptible segregates was planted in 4in. clay 
pots of steamed soil artificially infested with eggs and 
larvae of M. incognita acrita, and one group of each 
class was planted in pots of steamed soil to which 
no nematodes were added. 

VW. incognita acrita was grown on susceptible tobac- 
co and tomato plants, and the chopped roots and the 
soil in which they were grown were the inoculum, 
The inoculum was mixed 1:20 with steamed potting 
soil. 

Two isolates of the fungus. obtained from Dr. J. L. 
Apple. were cultured for 4 weeks on sterilized whole 
oat grains. One-hundred-gram portions of the oat 
cultures were blended for about 20 seconds with 200 
ml of tap water in a Waring blender. This was added 
to an additional 1000 ml of tap water, and the result- 
ing mixture was used as inoculum. Equal parts of 
each fungus isolate were included in the inoculum 
mixture. 

Six weeks after repotting, all plants were inoculated 
with the black shank fungus in a manner that pre- 
vented any inoculum from contacting the tap root or 
basal portion of the stalk. Openings about 2 in. from 
the plant stem were forced into the soil in each pot 
with a garden stake. Forty-eight hours later. 60 ml 
of inoculum were poured into the openings in each 
pot. The black-shank-resistant recurrent parents re- 
ceived the same treatments. The number of dead 
plants within each group was recorded 30 davs after 
inoculation with the black shank fungus. 

Plant material for histological studies was pre- 
pared from roots of root-knot-susceptible plants. Roots 
of plants about 12 in. tall were washed. and entire 
plants were placed in moist chambers. The root tips 
were covered with a layer of moist fine sand. Larvae 
of M. incognita acrita, obtained by the Baermann 
funnel technique (1). were introduced onto the laver 
of sand. Zoospores ot (ue black shank fungus were 
placed at the same location 48 hours later. Specimens 
were collected from this material 36 hours after fungus 
inoculation. 

Additional root-knot-susceptible plants were grown 
in soil infested with M. incognita acrita until galls 
were well developed. The galled roots were washed. 
and entire plants were placed in moist chambers lined 
with moist absorbent paper. Zoospores of P. parasitica 
var. nicotianae were placed directly on galls in various 
stages of development. Galled root specimens were 
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Table 1. 


Variety 


Dixie Bright 101] 
Coker 139 


Significance for nematode  inoculation**' 
Significance for varieties NS 
Inoculation varieties NS 


*20 plants of each parent were included in each treatment. 
no nematode inoculation. 


VW. incognita acrita: N, 


"T, inoculated with 


“NS, nonsignificant; significant at 1% level. 


collected 36, 48. and 72 hours after fungus inoculation. 
Cultures of P. parasitica var. nicotianae for use as 
inoculum in the histological studies were grown at 
room temperature on oatmeal agar until the colonies 
covered a 9-cm Petri dish and abundant aerial mycel- 
ium was present. The aerial mycelium was stripped 
from the cultures and transferred to 4.5-cm_ Petri 
dishes containing about 6 ml of distilled water. These 
preparations were incubated 3 days at 28°C. by which 
time mature zoosporangia were abundant. 
discharge was induced by chilling. 


Zoospore 


The root specimens were fixed in formal-acetic- alco- 
hol, dehydrated with an ethanol and_tertiary-butyl- 
alcohol series, infiltrated with paraffin. and embedded 
in tissuemat (10). Sections 10 ww thick were cut with 
a retary microtome and stained with safranin and fast 
green. 

Inoculation studies.-Initial- 
ly, plants of the recurrent parents and backcross prog- 
t 


Experimental results. 


Fig. 1. 


and reot-knot nematodes; 
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Influence of root knot on black shank development among plants of the recurrent parent varieties. 


Percentage of plants dead 3 weeks after inoculation 
with P. parasitica var. nicotianae* 


N b 
100 40 
95 40 


enies inoculated with M. incognita acrita were severely 
stunted, chlorotic, and weak. After about 14 days, 
however, resistant plants began to overcome the initial 
reduction in vigor, and they were green and vigorous 
within 30 days of inoculation. Their root systems were 
free from galls. Susceptible plants, however, remained 
stunted, and their roots were severely galled. 

Inoculation of the recurrent parents with the black 
shank fungus alone and following inoculation with 
VV. incognita acrita resulted in well defined differences 
in black shank incidence. In all tests, Dixie Bright 
101 and Coker 139 plants developed black shank much 
more rapidly and extensively when nematodes were 
also present (Table 1; Fig. 1). 

There 
shank 


black 
root-knot-resistant and 
-susceptible segregates of any backcross progeny when 
root-knot (Table 2). In the 
presence of both pathogens, however, there were strik- 


were no appreciable differences in 


development between 


nematodes were absent 


Recurrent parent, Coker 139. The plants on the left were grown in soil inoculated with the black shank fungus 
the plants on the right were grown in soil inoculated with the black shank fungus only. 
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Table 2.—Influence’ of root knot on black shank development among segregating backcross progenies. 


% of plants dead 3 weeks after inoculation with P. parasitica var. nicotianae* 


DB 101 family C 139 family 
BC,F, BC.F, BC.F, BC.F, 
I N I N I N I N 
Root-knot-resistant 5 60 20 45 30 25 25 30 
Root-knot-susceptible 95 50 90 35 70 30 75 20 
Significance for nematode inoculation NS' ° 
Significance for genotype +s 
** ** ** 


Inoculation genotype 


*20 plants of each backcross progeny were included in each treatment. 
»T, inoculated with V. incognita acrita: N, no nematode inoculation. 


*NS, nonsignificant; *, significant at 5% level: **, 
ing differences in the incidence of black shank between 
root-knot-susceptible and -resistant individuals. In all 
backcross progenies. black shank incidence was much 
greater in groups of root-knot-susceptible segregates 
than in groups of root-knot-resistant segregates. In 
addition, black shank developed much faster among 
root-knot-susceptible segregates than among resistant 
individuals. 
Histological studies. 
plants were inoculated with the black shank fungus 
48 hours after inoculation with nematode larvae to 
determine whether nematode entry enhances penetra- 
tion and colonization of the host by the fungus. In 
material fixed 36 hours after fungus inoculation, a 


Roots of root-knot-susce ptible 


number of larvae had penetrated the reot and, in some 
cases, had nearly reached the stele. The fungus had 
also entered, and it had colonized tissue extending 
from the epidermis to approximately the third layer 
of cortical cells. The fungus mycelium appeared 
relatively vigorous, and there was slight reaction by 
the host to fungus invasion. This reaction was exem- 
plified primarily by suberization of the cortical cell 
walls contiguous to invaded cells. 

Fungus penetration appeared to be slightly more 
extensive in areas of recent nematode entry than in 
regions some distance from nematode infection, al- 
though no cases were noted in which the fungus hyphae 
actually followed the avenues provided by the larvae. 
Similarly, the fungus in close proximity to regions of 
nematode invasion may have ingressed slightly further 
into cortical cells than had the fungus in areas not 
near points of nematode entry. Such differences, how- 
ever, were difficult to perceive. 

The root anatomy. in sections cut through galls 
formed by the root-knot nematode. was characterized 
by regions of hyperplasia and hypertrophy. Hyper- 
plastic areas usually surrounded the locus of nematode 
infection and were evidenced by masses of small cells 
densely filled with protoplasm. Hypertrophied cells 
were in the form of nectaries or giant cells filled with 


significant at 1% level. 


a fine reticulate network of protoplasm and containing 
many giant nuclei. The head region of the enlarged 
female nematode was often observed in the vicinity of 
the giant cells. 

The fungus had moderately colonized nongalled root 
tissue after 36 hours. Epidermal penetration occurred 
by means of germinating zoospores, and was followed 
by mycelial invasion of cortical cells. 

Invasion and colonization was strikingly more ex- 
tensive in galled tissue than in nongalled areas. In 
such tissue, the fungus was present in abundance in 
the stele as well as in the cortex. In certain instances. 
fungus hyphae were apparently progressing directly 
through cortical cells into hyperplastic and hyper- 
trophied tissue (Fig. 2-B), resulting in a preponder- 
ance of mycelium in these areas. The fungus mycelium 
occupying galled tissue appeared very robust and vigor- 
ous. The hyphae were larger than those in nongalled 
areas and were densely filled with protoplasm. The 
nuclei of the fungus were clearly visible. 

Host reaction was rather slight to fungus invasion 
of root-knot-galled tissue in hyperplastic areas. There 
was suberization of cortical cell walls in regions near 
fungus infections, but hyphae penetrated these altered 
walls. By contrast, granular degeneration of giant cell 
protoplasts commenced soon after invasion by the 
fungus hyphae. The giant nuclei disappeared and the 
protoplasm became dense, granular. shriveled 
(Fig. 2-A). 

The pattern of pathogenesis in galled roots fixed 48 
and 72 hours after fungus inoculation was similar to 
that in material fixed 36 hours after inoculation. The 
entire process was more advanced in the material fixed 
later. Large. vigorous. dense hyphae were clearly 
evident, especially in hyperplastic and hypertrophied 
tissue. In many instances. the hyphae completely filled 
the cell lumen. At 48 hours, giant cells contained 


reduced amounts of protoplasm (Fig. 2-C), and at 72 


Fig. 2.—Cross sections of galled tobacco roots. A) 36 hours after inoculation with the black shank fungus. The fungus 
has entered the giant cell on the left and extends into the degenerating protoplast. The remaining giant cells are not in- 
fected. B) 36 hours after fungus inoculation. The hyphae are progressing directly through the cortex and into hyperplastic 
regions. There is little apparent reaction to fungus invasion. C) 48 hours after fungus inoculation. The hyphae have pro- 
gressed into hypertrophied tissue. Giant cell protoplasts are degenerating. D) 72 hours after fungus inoculation. Degenerate 


giant cells are occupied by weakened fungus hyphae. 
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hours they were completely devoid of this substance 
(Fig. 2-D, 3-A). Giant cell walls appeared less rigid. 

Hyphae occupying giant cells that were devoid of 
protoplasm were smaller and absorbed less stain, and 
in some cases had begun to shrivel (Fig. 2-D). 

Some specimens were observed in which the female 
nematode had attained maturity and had produced egg 
masses that protruded through the cortex and epi- 
dermis of the root. Robust hyphae of the fungus read- 
ily penetrated and ramified through epidermal and 
cortical regions immediately adjacent to such nema- 
todes, and colonization of these regions was extensive 
(Fig. 3-B.C). Fungus hyphae were frequently noted 
within the gelatinous matrix of the egg mass (Fig. 
3-D). 

Discussion.—The final backcross to Dixie Bright 10] 
(DB 101 BC.) resulted from 3 crosses to the recurrent 
genotype of this backcross 
progeny should be about 87.5° that of Dixie Bright 
101. This value. of course. is applicable only to the 


parent, Theoretically. the 


characters for which selection was not exercised. Com- 
parisons in phenotype between backcross progeny and 
the recurrent parent consisted only of visual observa- 
tions. The two groups of plants resembled each other 
in most respects. The phenotypic differences. however, 
were sufficient in number and magnitude to show that 
3 crosses to Dixie Bright 101 were inadequate to re- 
gain the phenotype of the recurrent parent. Even so, 
this goal was approached, and it is believed that 2 or 3 
additional crosses to Dixie Bright 101 would result in 
progeny having essentially the same phenotype as 
Dixie Bright 101, assuming that no pleiotropic effects 
or close linkages exist. 

The same general conclusions may be made regard- 
ing Coker 139 and its final backcross progeny. C139 
BC,. One more backcross was made with Coker 139 
than with Dixie Bright 101. but the progeny of the 
former, although resembling Coker 139, still differed 
from it in enough respects to indicate that the back- 
cross program had not progressed far enough to yield 
a “root-knot-resistant Coker 139.” 

Inoculation of the recurrent parents. Coker 159 and 
Dixie Bright 101. with the black shank fungus alone 
and in combination with root-knot nematodes confirms 
the conclusion that the black shank disease is much 
more severe when nematodes are present (12). The 
incidence of black shank was higher among plants 
previously inoculated with root-knot nematodes (Table 
1). The same effect was clearly illustrated by the 
differences in black shank development between root- 
knot-resistant and -susceptible segregates of backcross 
progeny when inoculated with both pathogens (Table 
2). The disease was much more severe among the 
root-knot-susceptible individuals. In the root-knot-re- 
sistant class of the DB 101 family. there is an ab- 
normally high percentage of dead plants among those 
not inoculated with nematodes (Table 2). The reason 
may be that the resistant and susceptible classes were 
both stunted immediately after nematode inoculation 


but that the resistant plants overcame this effect. Thus, 
the roots of plants of the latter class had opportunities 
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to grow downward into contact with the fungus inocu- 
lum (placed near the lower portion of the rhizosphere). 
In the absence of nematodes there were no appreci- 
able differences between root-knot-resistant and -sus- 
ceptible segregates in black shank development. This 
indicates that no differences in genetic factors for 
black-shank resistance exist between these two groups 
of plants: hence. the greater incidence of the disease 
among root-knot-susceptible plants than among -resist- 
ant plants in the presence of nematodes must be due 
to nematode infection. 

These findings could explain, in many cases. the ap- 
parent “breakdown” of resistance often noted with 
black-shank-resistant varieties. Many fields planted 
to black-shank-resistant varieties are infested with root- 
knot nematodes in addition to P. parasitica var. nico- 
tianae. The inoculation experiments reported herein 
show that. under such conditions. the incidence of 
black shank may be extremely high. even in resistant 
varieties (Table 1). Hence, black-shank-resistant va- 
rieties may not give adequate control of this disease in 
soils infested with both pathogens. This fact is of 
paramount importance in North Carolina because 
root-knot nematodes are present in most of the state’s 
tobacco-producing areas. Varieties with resistance to 
both pathogens would protect against losses not only 
from each but also from the more hazardous complex 
of both diseases. 

The nature of the relationship between the host plant 
and the two pathogens is of special interest. Sasser 
and co-workers (12) concluded that the wounding 
action by the nematodes was not responsible for in- 
creased black-shanky severity. This factor has been 
considered of prime limportance in certain other dis- 
ease interactions inv@lving the root-knot nematode. It 
is well known. however. that the black shank fungus 
can directly penetrate roots of both susceptible and 
resistant plants and establish a pathogenic relation- 
ship with the host in a very short period (6). It 
seems. therefore, that wounding would not be of major 
importance in the black shank-root-knot interaction. 

The histological observations indicate that wounding 
of the root by the nematode probably plays only a 
minor role, if any. in the black shank-root-knot com- 
plex. Even though the fungus may have penetrated 
slightly faster and more extensively in areas surround- 
ing recent nematode larvae penetration sites than 
in regions farther removed from points of larvae entry, 
these differences did not seem great enough to contrib- 
ute appreciably to the interaction. 

The behavior of the fungus within root-knot galls is 
considered significant. The fungus thrived on hyper- 
plastic and hypertrophied root tissue. Hyphae ap- 
peared to grow directly into such regions, and colo- 
nization was rapid and extensive. The mycelium that 
occupied galled tissue appeared extremely vigorous: 
the hyphae were large and densely filled with proto- 
plasm, and contained conspicuous nuclei. 

Fungus colonization was extensive in areas surround- 
ing female nematodes. Mycelium was often observed 
within an egg mass. It is believed that such regions 
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Fig. 3. Cross sections of galled tobacco roots. A) 72 hours after fungus inoculation. There is extensive fungus coloniza- 
tion in hyperplastic tissue, and giant cells have degenerated completely. B) The fungus is colonizing tissue surrounding the 
anterior portion of the female nematode. C) The fungus is colonizing tissue surrounding the posterior portion of the nema- 
tode. D) The fungus is growing within a nematode egg mass. 
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are very conducive to fungus invasion, and thereby 
promote increased severity of black shank infections 
in plants harboring an abundance of nematodes. The 
fungus did not appear to parasitize the nematode eggs. 
but the gelatinous mass in which eggs were embedded 
evidently provided a suitable growth substrate for the 
fungus. 

None of the galled tissue was resistant to fungus 
invasion; in fact, a congenial relationship existed be- 
tween host and parasite in most hyperplastic tissue. 
Giant cells, however, were quite sensitive to fungus 
attack.. When the hyphae first entered, a giant cell 
started to undergo rapid degeneration. The degener- 
ation was characterized by the dense and granular ap- 
pearance of the giant cell protoplast. This was suc- 
ceeded by rapid disappearance of protoplasm. As 
degeneration progressed, hyphae within the giant cells 
appeared less vigorous. 

Regardless of giant-cell reaction, the extensive colo- 
nization of gall tissue, the robust appearance of the 
fungus, and the congenial host-parasite relations ex- 
hibited under these conditions indicate that galled 
tobacco root affords an ideal substrate for growth of 
the black shank fungus, and the fungus exhibits an 
affinity for such tissue. On the basis of these histo- 
pathological observations, it is believed that the rela- 
tionship herein described contributes to a better under- 
standing of the “black shank-root-knot interaction.” 
Nematode infection predisposes the plant to such an 
extent that the root tissue of black-shank-resistant and 
-susceptible varieties becomes suitable for fungus in- 
vasion and colonization. Thus, the basis of the inter- 
action lies not in the direct effect of either pathogen 
on the other, but on the effect of the nematode on the 
host and the subsequent effect of the fungus on the 
modified host tissue. The host plant is an integral 
part of the interaction. Just what biochemical and 
physiological changes occur in galled tissues to make 
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them so favorable for the growth of the black shank 
fungus awaits further research. 
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SUMMARY 


Bacterial stripe, an unreported naturally occurring 
disease of corn, appears to be incited by Pseudomonas 
andropogonis, the pathogen responsible for bacterial 
stripe of Sorghum spp. This conclusion is based on 
cross-inoculation studies and a comparison of morpho- 
logical, cultural, and physiological characters of iso- 
lates from corn infected with P. andropogonis. The 
unusual and conspicuous secondary symptoms associ- 
ated with severe infection of corn, but not of Sorghum 
spp., consist of bleaching of the upper leaves and dis- 


tortion of internodes above the ear. Warm rainy 


weather conducive to water-gorging of the leaves seems 
to favor infection in corn. Thus far the disease has not 
been important on commercial field corn, but only a 
few very susceptible inbred lines and their progenies. 


Introduction.—During the past several years a 
bacterial disease of corn observed in Indiana appears 
to be distinct from any of the naturally occurring dis- 
eases previously reported for this crop. The disease 
was present to a mild degree on very susceptible in- 
bred lines in 1949, 1953, and 1958. but in 1957 was 
especially noticeable. 

This paper describes symptoms. cross-inoculations, 
and laboratory tests designed to identify the pathogen. 

Symptoms.—-Typical primary symptoms on cern 
leaves appear as amber- to olive-colored. oil-soaked, 
translucent lesions that are elongated and generally 
parallel-sided. and tend to coalesce (Fig. 1-A.B). The 
disease appears first on the lower leaves. and with 
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conditions favorable for infection gradually spreads 
upward; seldom, however, do leaves above the ear 
become infected. With age, lesions become brown and 
necrotic. Infected tissue is gorged with bacteria, as 


attested by the great numbers that issue from fresh 
sections of diseased leaves mounted in water and 
observed microscopically. 


The most striking aspects of the disease syndrome 


Fig. 1.—Symptoms of bacterial stripe of corn. A) Typica! primary lesions on corn leaf. B) Detail of lesions enlarged ‘s 
about 2. C) Sorghum leaf showing typical lesions. D) Distortion of internodes as a result of tightly rolled whorl. E) 
Field view showing striation and bleaching of upper leaves. F) Acute stage of bleaching of whorl. 
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are the secondary symptoms attending severe infection 


of very susceptible inbred lines. One of these is the 


marked chlorotic striping of the whorl leaves (Fig. 
1-E.F). Tissue adjacent to the vascular bundles re- 
mains green longest. but eventually the entire leaf 
blade may become bleached. A second concomitant of 
severe infection is distortion of upper internodes (Fig. 
1-D). The parts of the plant affected with secondary 
symptoms—the bleached upper leaves and distorted 
internodes—appear not to be infected. Microscopic 
observation of sections as well as attempts at isolation 
from these parts failed to indicate the presence of 
bacteria. 

No stalk rotting has heen observed in any plants 
showing primary or secondary leaf symptoms. 

Cross-inoculations.._In 1957. when the disease was 
especially prevalent. bacterial stripe of Sorghum spp.. 
incited by Pseudomonas andropogonis bk. F. Sm.) 
Stapp, was also abundant. The similarity in pattern, 
but not in color, between lesions on Sorghum spp. and 
those on corn was so striking as to suggest a possible 
relation between the two diseases (Fig. 1-C). Cultures 
of P. andropogonis isolated from sorghum and sudan- 
grass were compared with the pathogen isolated from 
corn, by means of all possible cross-inoculations on 
these 3 hosts. 

Young seedlings were inoculated by spraying them 


with an aqueous suspension of a culture and holding 
them in a moist chamber at 24-27°C for 24 hours, or 
by injecting the suspension into the base of the leaf 
whorl through a hypodermic needle. The latter method 
was generally more effective, but wounding is not 
essential and infection is readily established by en- 
trance of the bacteria through stomata. Inoculum was 
prepared from cultures grown 48 hours on nutrient 
agar. 

All cultures incited typical primary symptoms char- 
acteristic of the specific host. On sorghum and sudan- 
grass, elongated, parallel-sided. reddish-purple lesions 
hecame fully evident 10 days after inoculation. On 
corn seedlings, lesions of the same general shape de- 
veloped, but they appeared oil-soaked. translucent, and 
amber- to olive-colored. Only in corn seedlings did the 
secondary symptom. characterized by bleaching of 
whorl leaves, develop (Fig. 2-A.E). No differences 
were apparent among the freshly isolated cultures 
from the 3 hosts so far as the symptoms they incited, 

Morphological, cultural, and physiological compari- 
sons.--Morphology.—The isolate from corn was a short 
rod with rounded ends. found singly or in pairs. and 
measured 1.5-2.5 p 0.5-0.8 p. Cells were motile, 
and electron micrographs showed each to have a single 
polar flagellum. The organism was Gram-negative 
and not acid-fast. 


Fig. 2.—Secondary symptoms following artificial inoculation of seedlings with P. andropogonis. A) Bleached whorl. B) 
Healthy whorl leaf. C-E) Striation and near complete bleaching of whorl leaves 
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characters.—On agar at 
colonies were 2-3 mm in diameter in 5 days. 
glistening and slightly 
raised, with centers denser than margins. By reflected 
light, colonies were white; by transmitted light, amber- 


Cultural 
26+1°C, 


They were 


beef-peptone 


round, smooth. 


colored with fluorescent margins. 

On potato-dextrose agar 5-day-old colonies were 2-4 
mm in diameter: they were round, smooth, glistening. 
white by reflected light. and cream-colored by trans- 
mitted light. 

On gelatin-stab cultures, growth developed at 18°C 
in 72 hours: no liquefaction was evident in 2 months. 

On beef-peptone broth growth was slow. only slight 
clouding and a fine granular surface growth developed 
in 24 hours. At 48 hours moderate clouding was evi- 
dent, and in 5 days tubes showed heavy turbidity. 


Physiological characters.—Fermentation 


Carbon Source Acid Gas 
Arabinose 
Glucose 

Xylose (variable) 

Mannitol 1 (variable) 

Lactose (weak) 

Sucrose 


Glycerol 

H.S production, 
indol production. gelatin liquefaction, nitrate reduc- 
Starch hy- 
drolysis was weak and variable, and litmus milk slight- 


The following tests were negative: 
tion. and the Voges-Proskauer reaction. 


ly reduced. 

On nutrient-agar slants the bacterium showed mod- 
erate to good growth in 48 hours over a range of 
24-32°C. After 7 days. growth developed slightly at 
8°C and abundantly at 36°C. 
40°C. and after 2 
ganism could not be recovered. Very slight growth 
was evident at 4 °C after (The 
indebted to G. H. Peterson, microbiologist, Depart- 
ment of Botany and Plant Pathology. Purdue Univer- 


No growth occurred at 
weeks at this teraperature the or- 


2 weeks. writer is 


sity. for the electron micrographs and for making some 
of the physiological determinations. ) 

The morphological, cultural, and physiological char- 
acteristics of the bacterium isolated from corn corre- 
sponded closely with those of cultures of P. andro- 
pogonis isolated from sorghum and sudangrass. 

Field 
the disease has been observed the corn inbred lines 
Oh28 and P8 seemed somewhat more susceptible than 
others. To obtain further 
susceptibility. 50 inbred lines were inoculated in the 


ineculations.__During the several years that 


information on relative 
field by spraying a suspension of the bacterium into 
whorls of 7-week-old plants. Two weeks later they 
Those 
showing extreme susceptibility were Oh28. L304A, 
Oh40B. H14. and P8: these most resistant were R39, 
B37. Ill. 90. and K148. In the most susceptible inbred 
lines, as in natural infection, the typical secondary 
symptoms of bleaching of upper leaves and distortion 
of internodes above the ear followed 
of lower leaves. 


were scored for their relative susceptibility. 


severe infection 
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Stalk inoculations were made on some plants by 
injecting either a suspension of a pure culture or a 
macerate of naturally infected leaves. None of these 
inoculations resulted in establishment of the disease 
in stalk tissue. 

Ears were collected from severely diseased plants, 
infected either through natural or by artificial means 
to determine whether the disease could be transmitted 
through the seed. The seed was dried and planted 
in a greenhouse maintained at a minimum air tempera- 
ture of 24-27°C. During 2 months, in which 85 
plants grown from such seed were observed, no in- 
fection could be found. 

Discussion._-_In 1905 Smith and Hedges (4) first 
described a bacterial stripe disease of sorghum. Later, 
Smith (3) briefly characterized the causal organism 
and named it Bacterium andropogoni. In 1929, 
Elliott and Smith (1) published a detailed account of 
the disease and the causal organism. They were able 
Boone County White) arti- 
ficially, but no mention is made of natural occurrence 
of the disease on the crop. 


to inoculate corn (variety 


Bleaching of upper leaves 
following severe infection 

Of the bacterial this one bears 
some resemblance only to bacterial leaf blight and 
stalk rot incited by 
Rosen (2). 


was not observed. 
diseases of corn, 
Pseudomonas alboprecipitans 
The latter disease is characterized by 
shredding of the infected leaves and rotting of the 
stalk above the ear. Multiple ears and barrenness 
frequently accompany severe infection. In these re- 
spects the disease differs from bacterial stripe. Bleach- 
ing of the leaves above the ear and distortion of 
upper internodes have not been described as symptoms 
of bacterial leaf blight and stalk rot. 

P. andropogonis differs from P. alboprecipitans in 
cultural behavior, but primarily in the fact that the 
latter organism reduces nitrate, liquefies gelatin, and 
makes earlier growth at 36° and none at 8 or 4°C. 
P. alboprecipitans appears to be much more virulent 
when artificially inoculated into corn seedlings than 
does P. andropogonis and produces on such plants 
symptoms distinct from those incited by the latter. 
These differences, both in the characteristics of the 
pathogens and symptoms incited on the host, were 
verified by comparing cultures of P. andropogonis iso- 
lated from corn, sorghum, and sudangrass leaves with 
P. alboprecipitans isolated from a diseased corn leaf 
kindly furnished by Alice L. Robert. 

The bacterial stripe of corn has 
usually followed periods of warm rainy weather when 
leaves tend to become water-gorged. 


occurrence of 


The disease has not been of economic importance 
on any of the common hybrids under field conditions. 
In only a few very susceptible inbred lines and their 
progenies has the disease been severe enough to reduce 
seed production.—Department of Botany and Plant 
Pathology. Purdue University, Lafayette, Indiana. 
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SUMMARY 
Although present since 1914, Septoria passerinii 


caused a severe epiphytotic of Septoria leaf blotch on 
barley in the Red River Valley of Minnesota for the 
first time in 1955 and has been prevalent since then. 
Possible reasons for this increase in Septoria leaf 
blotch are suggested. It is proposed that infested 
straw is the primary form in which the pathogen sur- 
vives one or more winters, and in which it is spread 
from field to field. Field observations indicated that. 
once established, the fungus produces abundant pye- 
nidia on senescing plants, even in years when the 
disease develops too late to cause much damage. 
Laboratory experiments proved that the number of 
pycnidia in lesions on barley straw can increase. The 
fungus can survive in straw, either in or on the soil. 
for at least 2 winters. Cultural practices in the Red 
River Valley, the level terrain, and high winds all 
favor wind transport of infested straw among fields. 
These facts help to account for the supply and distri- 
bution of inoculum required to obtain the prevalence 
of Septoria leaf blotch that has been observed in the 
past few years. It that conidia are avail- 
able on infected plants after rain and that insects can 
pick up conidia from moist straw. Both insects and 
splashing raindrops may be important in bringing the 
pathogen from infested straw to infection courts. No 
evidence was obtained that conidia are wind-borne. 
Pyenidia on infested straw can liberate conidia even 
after repeated wetting over a period of several months. 
Pathogenic differences among isolates of S. passerinii 


was shown 


were demonstrated. 


(Hordeum vulgare 
L.), caused by Septoria passerinii Sace., was reported 
from Minnesota 1914 
1915 (4. 6) but was absent or scarce until the mid- 
1940°s. No severe epiphytotic was reported unti! 1955 
(2). 
has nevertheless been omnipresent annually on the 
barley crop in the Red River Valley. A 


Septoria leaf blotch of barley 


and neighboring states in and 


Since then the disease has been less severe but 
study was 
made of the mechanisms of build-up, over-wintering. 
and dissemination of S. passerinii. 


Description of the disease. 


In the field, symptoms 
kinds, 


depending on the age of the barley. On young plants. 


on susceptible varieties appear to be of 3 


lesions occur mainly on leaf blades and are grayish- 
green, turning to a light tan. 
indefinite size and shape, not being delimited by veins. 
They may or may not contain pycnidia. About the time 
plants are heading, mature lesions usually contain 
pycnidia and are light gray to white, delimited by 


These lesions are of 


veins, and therefore characteristically rectangular. In 
green tissue, these lesions apparently expand no fur- 
ther. On senescing leaf blades and sheaths. however. 
the fungus apparently spreads rapidly and produces 
large blotches densely populated with pycnidia. Pye- 
nidia on leaf blades are 70-140, in diameter, and 
those on sheaths are 45-70. These are commonly 
associated with stomates and occur in rows parallel 
to the veins (Fig. is ws of the 
tissue in these pyenidial blotches is especially con- 


gray discoloration 
spicuous on bright straw (Fig. 2). Since 1955 it has 
been common to find all plants in ripe barley fields 
in the Red River Valley with over 20-30 of their leaf- 
sheath area covered with pyenidial blotches. 
Build-up of inoculum on straw.—A procedure was 
devised to detect further development of the fungus 
already established in dead host tissue. Infested barley 
straw was first washed in running water for 8-10 
hours. Then all microscopically visible pycnidia in 
selected lesions containing 100 or more pyenidia were 
mapped, using a Carl Zeiss drawing apparatus. The 
pieces of straw containing the mapped lesions were 
then surface-disinfested in 16% NaOCl for 2 minutes 
and placed into sterile Petri plate moist chambers, 
which were incubated at 5-7, 15, 25. and 30°C. Lesions 
were re-mapped after 2, 4, 6, and 8 weeks of incuba- 
tion to detect the appearance of new pyenidia, either 
within or outside the boundaries of the original lesions. 
The experiment was repeated with the lesions being 
re-mapped after 2, 6, and 10 weeks. Straw tissue was 
surface-disinfested in 10% NaOCl after each remapping. 
\ third experiment included a sepgrate lesion for 
each date of sampling—4. 8. and 12 weeks after the 
each of the 4 temper- 
atures. This permitted newly formed pycnidia to be 


heginning of incubation—at 


checked for the presence of conidia on each sampling 
date, and for such pyenidia to be cultured in order 
to determine their pathogenicity. Newly formed pye- 
nidia were also checked for the presence of conidia 
at the conclusion of each of the first 2 experiments. 
Pyenidia did not develop beyond the limits of the 
original pyenidial blotches. New pycnidia did appear 
within these blotches. however. when the tissue was 
15-30°C. Results of the first 2 experi- 
ments are summarized in Table 1. 


incubated at 
“Similar data were 
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obtained from the third experiment; in this, a 4% 
increase in the number of pycnidia was observed after 
12 weeks at 5-7°C. Normal conidia were present in 
newly developed pycnidia in all samples examined, 
and cultures derived from these pycnidia were patho- 
genic. 

Over-wintering.—-The viability of S. passerinii in 
straw exposed to various conditions was determined 
by culturing pycnidia. Pieces of infested straw or leaf 
material were washed in running tap water for 12-18 
hours and then immersed in 1% NaOCl for 2 minutes. 
Individual pycnidia were then picked off with a 
sterile needle under a dissecting microscope and trans- 
ferred to potato-dextrose agar slants. Pycnidia that 
produced pink, yeastlike colonies after 2 weeks at 
room temperature were assumed to contain conidia 
and were classed as viable. 

In April-June. 1958. barley straw or stubble from 
the 1957 crop, buried over 6 in. deep, was collected 
in 3 fields in the Red River Valley. Severely weathered 
barley straw was collected from roadsides and fields 
planted to other crops. All these collections yielded 
viable cultures of S. passerinit. 

In an attempt to determine the range of conditions 
under which S. passerinii can over-winter, equal 
amounts of infested straw from the 1957 barley crop 
were enclosed in chicken-wire envelopes and a) buried 
in the field at a depth of 12 in.. b) buried at a depth 
of 6 in., c) placed on the ground in contact with the 
soil, and d) suspended in air. These treatments were 
compared with e) infested straw stored at room tem- 
perature and with f) pyenidium-containing Septoria 
lesions in green leaf tissue stored in a freezer at 4°F. 
All treatments were initiated on November 1, 1957, 
and the samples of straw were removed to room tem- 
perature on May 1, June 1, and October 1, 1958. With- 
in a few days of each sampling date (a month after 
the last sampling date), 70-86 pycnidia were cultured 
from samples of each treatment. 

S. passerinii remained viable through the last sam- 
pling date in all treatments. There were no consistent 
differences in the number of cultures of the fungus ob- 
tained from straw subjected to the 4 outdoor treat- 
ments. In these treatments. the average percentage 
of pyenidia giving rise to cultures of the fungus on the 
first. second, and third sampling dates was respec- 


Table 1.—Percentage increase over the original number 
of pycnidia in lesions of Septoria leaf blotch, incubated at 


} temperatures for 5 periods.’ 


Incubation 


temperatures Number of weeks incubated 


(°C) 2 4 6 8 10 
ae 0 0 0 0 0 
15 0 0 7 8 60 
25 5 6 23 38 > 200 
30 7 4 7 10 53 


*This table combines the data of 2 experiments, with 
lesions remapped after 2, 4, 6, and 8 weeks in one, and 
after 2, 6, and 10 weeks in the other. Thus, each datum 
is based on 1 or 2 lesions, with over 100 pyenidia in each. 
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tively 31, 16, and 14. Colonies of other fungi developed 
in some slants and may have obscured additional 
colonies of S. passerinii. Sixty-nine per cent of the 
pycnidia from straw stored at room temperature, and 
78% of the pycnidia from lesions on green tissue 
stored in a freezer, produced cultures of the fungus. 
In neither case was there a decline in viability during 
the test period. 

For each treatment in this experiment, cultures of 
S. passerinii obtained from the straw of that treatment 
were bulked, and the mixture tested for pathogenicity 
to Kindred and Minn. II-48-45 barley in the green- 


Figs. 1-3.—1) Pyenidia in rows parallel to the veins in 
part of a lesion of Septoria leaf blotch on leaf sheath 
tissue, 2) Lesions of Septoria leaf blotch on barley straw. 
3) Barley straw in a field in the Red River Valley. Photo- 
graph taken immediately after spring tillage. 
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house. All these inocula were pathogenic to both 
varieties. 

In November, 1958, at St. Paul, wire envelopes con- 
taining straw from the 1958 barley crop were buried 
at a depth of 6 in. or placed on the ground in contact 
with field soil. Straw in these envelopes was sampled 
on March 14. 1960. Some of the pycnidia from straw 
of each treatment contained conidia that germinated 
within 48 hours when incubated in water drops at room 
temperature. This that S. 
vive for 2 winters in Minnesota. 

Wind dissemination._— Barley 
fested with Septoria are abundant on the soil surface 
after harvest of the barley Red River 
Valley (Fig. 3). The terrain in the Valley is flat, and 
winds often reach high velocity. The wind 
velocity for April, 1958, at Fargo, North Dakota, was 
17 mph, with gusts up to 54 mph. Winds of 15 mph 
or more across fields, 
roads, and drainage ditches. In 1958. a 3X5-ft 
wire net, placed 50 yards from the nearest field planted 
to barley in 1957, trapped a large handful of infested 


proves passerinit can sur- 


straw and stubble in- 
crop in the 


average 


were observed blowing straw 


June, 


straw in a week. Cultures of S. passerinii were ob- 
tained from this straw. 

To investigate the possibility that conidia of S. 
passerinii are disseminated by wind. weather-vane 


spore traps were set out in 12 barley fields in the Red 
River Valley in 1958. 
held at a height of about 40 in.. 
and downward at an angle of 13 
The slides were replaced at 2-week intervals from 
April to mid-July and examined for conidia of Sep- 
toria. None were found. 
Dissemination of conidia by insects. 


Vaseline-coated slides were 
facing into the wind 


from the vertical. 


Straw heavily 
passerinii was soaked in water and 
incubated for several days in a Uni- 
dentified flies, and larvae and adults of a bird 
beetle, were trapped and sealed in a container with 
the pre-soaked straw. One day later. conidia of Sep- 


infested with S. 
mist chamber. 


lady 


toria were observed on leg hairs of the insects. S. 
Ppasserinti was not obtained. however, from aphids. 
leafhoppers, and lady bird beetle larvae collected in 
the field in dry weather and after a rain, although at 
tempts were made to isolate the fungus by plating 
both entire insects and the water used to rinse them. 

To ascertain whether animals could serve as vectors. 
Vaseline-coated slides were attached to the clothing of 
field with 
a high prevalence of plants infected with Septoria 
before and after a rain in mid-July, 1958; no conidia 
of Septoria were found on slides before the rain, but 


individuals who walked through a_ barley 


conidia were abundant on slides after the rain. 
Dissemination of conidia by splashng water. 
Drops of water (0.07 ml) were allowed to fall from a 
height of 23 ft onto pre-moistened infested straw. 
Droplets containing conidia of Septoria were splashed 
a horizontal distance of 3 ft from the point of impact. 
Infested straw as a source of inoculum after re- 
peated wetting and drying. Infested straw in chicken- 
wire envelopes was suspended over 2 flats containing 


seedlings of Kindred barley. The flats were placed 
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in a mist chamber for 4 days and then returned to the 
greenhouse. Septoria leaf blotch developed abundant- 
ly. The procedure was repeated 4 times during a 3- 
month period. using new seedlings but the same en- 
velopes of straw. Between wettings, the straw was 
stored dry at room conditions. About the same amount 
of Septoria leaf blotch developed each time. indicating 
that infested straw may serve as inoculum even after 
repeated wetting. 

Differences in pathogenicity of isolates of Septoria. 

Nine culture types of S. passerinii were selected from 
more than 500 single-pyenidium isolates. Ten-day-old 
cultures of the 9 types ranged from pink yeastlike 
aggregates. Two of the 
Differences in cul- 


colonies to carbonaceous 
types had white aerial mycelium. 
tural diminished as the cultures aged. 
and it is possible that these differences, in part. re- 
flected differences in rate of colony maturation. How- 
ever, the 9 distinct culture types were recovered by 
making fresh transfers and were maintained through 
repeated subculturing. 

The pathogenicity of 4 of these culture types was 
tested on the following 4 barley varieties: Kindred 
and Minn. II-48-45, which are susceptible to Septoria 
leaf blotch: N.D. B112, which is somewhat resistant: 
and Minn. I1-51-43. which is resistant. A suspension 
of conidia in a 0.5°7 gelatin solution. at a concentra- 


appearance 


tion of 250,000 conidia per ml, was prepared for each 
isolate tested. 
three 50-ml portions, to each of which was added 2 
drops of Polyethylene Glycol 400. Each aliquot was 
sprayed onto 4 varieties, 3° pots per variety, 15-20 


These suspensions were divided into 


plants in the 4-leaf stage per pot. The plants were 
incubated for 5 days in a mist chamber and then kept 
at 70°F in a greenhouse. Sixteen days after inocula- 
tion, seedlings were rated on a disease severity scale 
of 0-5, with 5 most severe. The severity ratings were 
based on the amount of necrotic area. Pyenidia 
developed within some distinct lesions on all seedlings 
with disease severity ratings of 1 or more. More pye- 
nidia developed on seedlings with severe infection 
than on seedlings with slight infection. 

The data in Table 2 indicate considerable differences 
in the amount of infection occurring on a single variety 
inoculated with different isolates of the organism. It 
appears from Table 2 that at least 3 of the 4 isolates 
tested were pathogenically distinct. 

10 years preceding the first 
severe epiphytotic, Kindred barley rapidly became the 
In 1952-56. over 90% of the 
barley acreage in Minnesota was planted to Kindred; 
97 in 1956 (1). It is likely that culture of Kindred 
partly accounts for the epiphytotic of this disease. 


Discussion.__In_ the 


leading variety grown. 


Before 1955, naturally occurring Septoria leaf blotch 
was conspicuous on Kindred in varietal trials in barley- 
growing areas. Kindred was probably more susceptible 


than other varieties to prevalent races of S. passerinii. 
In addition, the demonstration of pathogenic races in 
this fungus adds the possibility that previously rare 
biotypes increased on Kindred. The barley varieties 
that Kindred replaced are also susceptible to biotypes 
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Table 2.—Average severity of Septoria leaf blotch on 4 
varieties of barley inoculated with 4 single-pycnidium iso- 
lates. 


Previous 


field Isolate no. 

Variety reaction® l 2 3 4 
Minn. I]-51-43 R 1.0 1.0 0.7 
No. Dak. B112 MR 3.3 a: 5.0 0.7 
Kindred s 23 2.0 1.0 0.3 
Minn. I1-48-45 2.0 5.0 0.0 

*R = resistant, MR = moderately resistant, S = sus- 
ceptible. 


* Septoria leaf blotch severity ratings based on a scale 
of 0-5, with 5 most severe. The severity ratings were based 
on the amount of necrotic area, including both distinct 
lesions and fired tissue. Each datum in this table is an 
average of the ratings given 3 pots, each containing 15-20 
seedlings. In no case did the 3 ratings differ from one 
another by more than one severity class. 


of the fungus that are prevalent now. With combine 
harvesting, more straw and crop residues are left in 
the field; this also may have increased inoculum of 
S. passerinii. 

Both the nature of the disease and cultural practices 
in the Red River Valley of Minnesota can account for 
the continued high prevalence of the disease once the 
epiphytotic of 1955 had provided large quantities of 
inoculum. Pyenidia are produced abundantly on the 
barley plant as the grain ripens, even though the 
fungus grows slowly on growing plants. Thus, the 
fungus perpetuates itself, even in years when the 
build-up of Septoria leaf blotch is too delayed to 
cause much damage to the barley crop. This phe- 
nomenon has been observed in barley fields in the Red 
River Valley each year since 1955. In addition, it was 
shown that the number of pycnidia may increase even 
further on dead straw. 

It is proposed that infested straw is the primary 
form in which the pathogen over-winters and in which 
it is spread from field to field. It was shown that the 
fungus can survive at least 2 winters in barley straw, 
either buried in the soil or exposed to the atmosphere 
on the soil surface. In the Red River Valley, barley 
straw remains on the field after combining. Either 
fall or spring tillage is shallow, so that not all the 
straw is buried. With subsequent tillage. much of the 
buried straw is brought to the soil surface. Therefore, 
wind may carry infested straw to adjacent fields, or 
even further, both before and after tillage. Even 
moderate winds were observed carrying straw 50 or 
more yards, especially from fields where crop debris 
had been loosened by recent tillage. Strong winds 
may carry straw much further, but short-range field- 
to-field dispersal can also account for the widespread 
occurrence of the fungus in the Red River Valley. 
Over 15° of the total area of the Red River Valley 
in Minnesota is planted to barley every year. This 
means that barley frequently follows itself in succeed- 
ing or in alternate years, and it is likely that a barley 
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held will be near a field that was in barley the previous 
year. These facts help to account for the supply and 
distribution of inoculum that is required to obtain the 
prevalence of Septoria leaf blotch observed in the 
past few years. 

Pyecnidia have been reported on awns of barley (3). 
These, and small pieces of straw in barley seed lots, 
may bring the pathogen to new areas. However, infec- 
tion of floral parts is probably unimportant in the 
epiphytology of the disease once it is established in an 
area. 

Although insects were not shown to transmit conidia 
of S. passerinii in the field, it was shown that conidia 
are available after moist periods and that insects can 
pick conidia up from moist straw. While this mechan- 
ism may function somewhat in field-to-field spread of 
the disease, it is more likely that it is important in 
bringing the pathogen from infested straw to infection 
courts within localized areas. Rain simultaneously 
washes insects off the plants and initiates pycnidial 
oozing; insects are thus likely to encounter conidia. 
Further evidence obtained indicates that splashing 
raindrops also carry conidia to infection courts. No 
evidence was obtained that conidia may be wind-borne. 

The relative importance of secondary infections in 
the development of Septoria epiphytotics is not known. 
Since long moist periods appear to be necessary for 
infection (3, 5), conditions conducive to infection may 
not occur often during the growing season. When 
favorable moist periods do recur, infested straw can 
again serve as a source of inoculum. Together. these 
observations suggest that primary inoculum from 
infested straw may account for a large proportion of 
infections, even in epiphytotic years. 

The existence of pathogenic differences among 
isolates of S. passerinii was also demonstrated. This is 
particularly significant because the use of varieties 
resistant to the disease appears to be the most effec- 
tive means of control. Barley varieties now being bred 
for resistance to Septoria may encounter races of the 
fungus to which they are susceptible-— Department 
of Plant Pathology and Botany. Institute of Agricul- 
ture, University of Minnesota, St. Paul. 
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SUMMARY 

Macroscopic observations of perceptible changes 
observed on the leaves of 8 oat varieties inoculated with 
Puccinia coronata var. avenae made possible the classi- 
fication of the varieties into 4 distinct groups. Micro- 
scopic differences characterizing the 4 groups were: 
the physical appearance of the substomatal vesicle and 
the growth of the infection tube, the number of nuclei 
present in the infection hyphae, the staining character- 
istic of the mycelium, haustoria formation, the extent 
of penetration of the hypha within the leaf, cellular 
disturbances of the host cells, and the reproductivity 
of the parasite. The normal pattern of rust develop- 
ment in a susceptible host occurred in the first group. 
In the second group not all substomatal vesicles sent 
out infection hyphae, and the rate of growth of the 
parasite lagged 24 hours behind the developmental 


pattern in the first group. Also, uredia were sur- 
rounded by a definite chlorotic area. Substomatal 


vesicles appeared granular in the third and fourth 
groups, with only the actively growing tips of the 
mycelium filled with dense protoplasm. Antagonistic 
reactions between host and parasite occurred 72 hours 
after inoculation within the third group. Rapid necro- 
sis of the entire inoculated leaf arrested the further 
spread of the parasite. Cellular disorganization of 
the host plant followed 18 hours after inoculation of 
varieties of the fourth group. Hypha penetration and 
haustoria formation were checked by the breakdown 
of host tissue. Only the tissue invaded by mycelium 
was destroyed. 


The response of any single oat variety to the various 
physiological races of crown rust. Puccinia coronata 
Cda., can vary from complete susceptibility to high 
resistance. The study of 
the developmental pattern of the rust parasite and of 
the histological effects within the leaf tissue that are 
related to this pattern. 

The eartiest theories advanced a mechanical phe- 


nomenon to explain the various degrees of resistance 


present investigation is a 


to rust that are exhibited among the varieties of cereals 
Cobb (3) first to advance this 
Morphological characters such as 


and grasses. was 
mechanical theory. 
size of stomata, thickness of leaf cuticle, waxy cover- 
ings, leaf pubescence. or angle of leaves on the stem 
were thought to be responsible for resistance in cer- 
tain varieties. Hitchcock and Carleton (6). working 
with wheat varieties with stiff upright leaves versus 
limp or flaccid leaves, supported Cobb’s theory. 

In 1902, Ward (13), from « large number of inocu- 


lation experiments with Puccinia dispersa on Bromus 
spp. and detailed histological investigations of the 
host, found that such correlations were invalid. Resist- 
ance depended entirely on the physiological interaction 
of the protoplasm of the fungus and the host. 

Later workers demonstrated that rust urediospores 
germinated on both susceptible and resistant host 
varieties and gained entrance primarily through the 
stomata. In resistant varieties, fungal development 
was checked by a deterioration and collapse of the 
host cells surrounding the invading mycelium. In 
susceptible varieties the host cells remained turgid 
and healthy, giving nourishment to the fungus for an 
extended period. Agreement is lacking among the vari- 
ous workers as to the cause of the noncompatibility 
between the fungus and host in the resistant varieties. 

Differences in adaptability. according to Ward (14) 
may be the result of starvation of the mycelium due to 
unsuitable food supplied by the tissues of the host 
plant, or to the vigorous onslaught of the parasite, 
preventing the mycelium from advancing through the 
destroyed tissues. Gibson’s (5) work suggests that the 
death of the hyphae is due to some poisonous substance 
emitted by the host cells. Marryat (8) presumed the 
reaction to be a function of certain toxins and anti- 
toxins that are mutually destructive, the host and the 
parasite both being responsible for their production. 
Bolley (2) concluded also that chemical agencies, per- 
haps toxins, resulting from the direct attack of the 
fungus upon the host were responsible. Whatever the 


intimate physiological relations between host and 
fungus, Stakman (11) attributed the death of the 


host cells directly to the presence of the hyphae. In 


explanation he advanced his “hypersensitive” theory 


_(12), that immunity is due to some physiological in- 


compatibility resulting in abnormally rapid death of 
the host cells when attacked by the rust hyphae. New- 
ton’s (9) observation closely followed those of previ- 
ous workers, but she suggested that infection is de- 
pendent upon a delicate balance between the host and 
fungus. The susceptible host readily adjusts itself to 
the presence of the parasite whereas the resistant 
host remains intolerant of the fungus. 

Wellensiek (15). in his work with corn, thought 
that the differences between susceptible and resistant 
plants were quantitative and could be explained by the 
assumption that the amount of a nutritive substance 
present in a particular corn variety determined the 
degree of susceptibility. 

Materials and methods._-Of the 8 oat 
selected for this study, 4 exhibited a high degree of 
resistance to race 202 of crown rust with varying pat- 
terns of chlorosis and/or necrosis, 3 were highly sus- 


varieties 


ceptible, and 1 was intermediate in response. The 
four resistant types were: Landhafer (C.I. 3522). 
Santa Fe 4518), Clintland (C.1. 6701), and 
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Clintafe (C.1. 5869). The three susceptible types 
were: Marion (C.I. 3247), Clinton 25, and Columbia 
(C.I. 2820). The intermediate variety was Tama (C.I. 
3502). 

Each of the eight cat varieties was grown in the 
greenhouse in 4-in. pots. Inoculation was effected when 
the first leaf blade had about 2 in. of flat surface. The 
inoculated portions of leaves were removed at 12, 24, 
and 36 hours and at additional 24-hour intervals up 
to 240 hours after inoculation, and killed and fixed 
in formalin-aceto-alcohol solution. By this time, uredo- 
pustules had generally made their appearance in the 
susceptible varieties and necrosis had developed in 
the resistant varieties, rendering them undesirable for 
further histological study. 

The development of the fungus was observed from 
the period of spore germination up to the time it had 
successfully reproduced itself on its particular host, 
or had died. Early stages of spore germination, germ 
tube growth, and appressorial development were ex- 
amined in living as well as in fixed material. Whole- 
leaf sections of inoculated oat leaves were stained ac- 
cording te Bell (1). Fixed material was embedded 
in paraffin with the tertiary-butyl alcohol method of 
Johansen (7), and stained with safranin and fast 
green by an improved method worked out by Cross (4). 

Experimental results.—Classification of group types. 

The rust reactions of the 8 oat varieties were classi- 
fied into 4 distinct groups, based on differences in the 
appearance of the inoculated leaves, microscopic ob- 


Fig. 1. 
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servations of the histology of the leaves of the host 
at the point of infection, and the growth patterns of 
the pathogen. The groups, and the varieties within 
each group are: I—highly susceptible (large uredia, 
without necrosis or chlorosis): Columbia (Fig. 1-A), 
Clinton 25 (Fig. 1-B), and Marion (Fig. 1-C). Il— 
intermediate (variable-sized uredia, some with necro- 
sis and/or chlorosis): Tama (Fig. 1-D). I1]—resist- 
ant (necrotic areas, with minute uredia): Clintafe 
(Fig. 1-E) and Clintland (Fig. 1-F). I1V—highly re- 
sistant (necrotic areas, without minute uredia): Santa 
Fe (Fig. 1-G) and Landhafer (Fig. 1-H). 
Macroscopic observations.-The various develop- 
mental stages observed in inoculated leaves of the 
host were designated as flecking, chlorosis, necrosis, 
raised epidermis, ruptured epidermis, and pustule for- 
mation. Examination of sections taken within the 
flecking area of inoculated leaves of all 8 varieties 
showed that the mottle appearance of the epidermis 
was due to 2 unrelated and independent causes. First, 
the loss of green coloring resulted from the destruc- 
tion of the chloroplasts within the attacked cells, thus 
leaving a colorless area. Second, flecking was the 
result of the massing of mycelium within the inter- 
cellular spaces below the epidermis. This resulted 
in separation of the epidermal cells, which are without 
chloroplasts, from the chlorophyll-containing hypo- 
dermal cells by the hyaline massing weft of hyphae. 
Chlorosis, or extensive yellowing of tissue, which 
develops in the inoculated leaf, is the result of the 


Crown rust reaction of eight oat varieties 240 hours after inoculation; A) Columbia, B) Clinton 25, C) Marion, 


D) Tama, E) Clintafe, F) Clintland, G) Santa Fe, H) Landhafer. 
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partial break-down of the chloroplasts within the in- 
fected area. Necrosis,jevidenced by brown or black plant 
tissue, is the culminating point in the sequence of cellu- 
lar disorganization brought about by the host-pathogen 
interaction. The raised appearance of the epidermis 
is first observed when the fungus begins to aggregate 
in wefts, within the large air spaces of the mesophyll 
under the epidermis prior to the formation of the 
uredium. Pressure of the developing urediospores 
against the epidermal cells causes the epidermis to 
rupture. The spores in the sorus adhere to each other 
with each successive division. and are soon elevated 
above the ruptured epidermis, forming a yellow-orange 
pustule. 

Flecking of the leaves of the highly susceptible 
group I appeared in 5-7 days following inoculation. 
Chlorosis and necrosis were absent. The raising of 
the epidermis became apparent after the 7th day. The 
swellings continued to enlarge at the site of flecking. 
and by the 8th to 9th day after inoculation the epi- 
dermis ruptured and the urediospores emerged. 

In the intermediate Group Il, flecking of the epi- 
dermis became apparent in 5-7 days. Chlorotic areas 
bordering the incipient swellings became manifest on 
the inoculated leaves about the 8th day. { rediospores 
emerged through the ruptured epidermis by the 9th 
day. Necrosis of leaf tissue was generally absent. 

Eight days after the seedling leaves of the varieties 
in Group III (resistant) were inoculated, flecking 
appeared, which was soon followed by yellow areas 
that grew rapidly and coalesced. Occasional minute 
urediosori were found breaking through the epidermis 
after the 9th day. By the 10th day following inocula- 
tion, extensive areas encompassing nearly the entire 
inoculated leaf surface were discolored. 

In Group IV (highly resistant) flecking was appar- 
ent by the 8th day after inoculation. By the 10th day 
the extent of infection, as evidenced by chlorotic and 
necrotic tissue, was limited to small bands within the 
nearly normal green leaf. Pustules were absent. 

Microscopic observations. study of serial sections 
taken through the point of infection showed that cer- 
tain phases in the life cycle of the rust parasite are 
common to all the varieties. These similarities include: 
a) initiation of urediospore germination within twelve 
hours of inoculation: b) development of a germ tube. 
3.5-4.0 » in diameter (Fig. 2-A-1); ¢) formation of an 
appressorium at the tip of the germ tube over a stoma 
(Fig. 2-B-1):; d) penetration of the stomatal slit by 
an appressorial peg (Fig. 2-B-2); e) swelling of the 
appressorial peg within the substomatal cavity (Fig. 
2-B-3): £) development of the substomatal vesicle and 
infection hyphae (Fig. 2-C). 

Differences in the development and behavior pattern 
of the parasite, and in the histology of the host vari- 
eties, became apparent after the substomatal vesicle 
formed. 

1) Group 1.—-Within 12 hours of inoculation, infec- 
tion hyphae had issued from the constricted ends of 
the substomatal vesicle. Well distinguished nuclei 


were apparent within the reticulum of the hyphal 
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threads and vesicle. There was an almost simultane- 
ous development of both threads arising from a single 
vesicle, and dichotomous branching of the infection 
hyphae had begun within the substomatal cavity 24 
hours after inoculation. Rapid and profuse branching 
of the binucleate hyphae, within the intercellular 
spaces of the resophyll, was initiated by the 48th hour. 
The protoplasmic contents of the branching hyphae 
threads remained well distributed. The mycelium 
grew intercellularly, applying itself closely to the 
host cells or traversing the open spaces of the meso- 
phyll. Numerous haustoria were present, with two or 
more projecting into the same cell. The nuclei of 
these unimpaired host cells moved over to the haustoria 
that had penetrated them, and lay in close contact. 
No deleterious effect on the nuclei was seen. The 
host cells for the most part were turgid and contained 
a normal complement of chloroplasts. Even at the 
period of the greatest activity of the fungus, 216 hours 
after inoculation, the nuclei and chloroplasts of the 
host cells showed no measurable reduction in size or 
shape. Hyphae arising from a single infection site 
expanded to cover extensive areas within the intercellu- 
lar spaces of the leaf (Fig. 2-D). and intermingling 
of the hyphae from adjacent infection points followed. 
After 120 hours the marginal hyphal threads turned 
and grew toward either surface of the leaf, filling in 
the larger cavities beneath the epidermis (Fig. 2-E). 
Protoplasm aggregated in the tips of the surfacing 
hyphae, whereas the mycelium in the center of the 
infection showed signs of becoming drained. At 160 
hours after inoculation, spore mother cells formed 
within the developing sorus, and the epidermal cells 
became distended (Fig. 2-F). 

2) Group I1.—In Group IL not all substomatal vesi- 
cles that formed during the first 12 hours following 
inoculation gave rise to infection hyphae. Many vesi- 
cles showed a clumping of their protoplasmic contents. 
Hyphae nuclei were distinguishable. but the develop- 
ment of the mycelia was slow even in the successfully 
established infections. Branching of the infection 
hyphae did not become apparent until 72 hours after 
inoculation. Cellular changes in which the chloroplasts 
took on a kidney shape and decreased sharply in size 
occurred in leaf areas away from the center of infec- 
tion. Penetrations of the host cells by haustoria mother 
cells were more numerous and successful within the 
area of the mesophyll densely invaded by mycelium. 
By the 144th hour, hyphae from bordering infection 
sites intermingled, and in the next 24-hour interval 
marginal hyphae had turned and started growing to- 
ward the epidermis. Abstricted urediospores aggre- 
gated just beneath the epidermis 216 hours after inocu- 
lation. Pressure exerted by the production of uredio- 
spores caused portions of the epidermis to distend and 
to rupture. Cells of the host tissue for some distance 
around the infection site showed impoverishment and 
destruction of cellular contents. Host cells within the 
center of the infection area. however, were turgid and 
showed no apparent reduction in size of the nuclei or 
chloroplasts. 
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3) Group I11.—The physical appearance of both the leaves sampled after 96-120 hours, and cells in the 


substomatal vesicles and infection hyphae of group III vicinity of the branching hyphae showed a progressive 
was different from that of those of Groups I and II. disorganization in structure. Many isolated hyphal 
Clear-staining nuclei and well distinguishable reticu- threads persisted in the leaf sections, but they did not 
lated cytoplasm were absent. Vesicles were granular extend far from the point of infection. The haustoria 
and lacked discernible physical features. Not all vesi- that were formed remained small, misshapened, and 
cles sent out infection hyphae; many withered and drained without fully expanding. Hyphae continued to 
died. Only the growing tips of the mycelium retained — grow beyond the collapsed host cells after 168 hours 
dense concentrations of protoplasm. Older hyphal following inoculation. Host cells contiguous to the seat- 
threads did not appear drained, but rather appeared tered hyphae were destroyed or reduced in size. A 


to be plasmolyzed. Clumping and shrinking of the — general destruction of the mesophyll accompanied the 
nuclear contents of the host cells was evident 72 hours collapse of the mycelium within the sections 192 hours 
after inoculation. Few haustoria appeared in the after inoculation. Ordinarily the fungus died without 


Fig. 2.—The developmental pattern of Puccinia coronata var. avenae in the highly susceptible Clinton 25 host. A) Ger- 
mination of a spore upon the leaf epidermis; note the relative size of the germ tube (1) and the infection hypha (2) 
(450). B) Two drained appressoria (1) persisting over a common stoma; the incipient substomatal vesicle (2) still re- 
sembles a pendulant ball while vesicle (3) is beginning to elongate (1030). C) A partially drained substomatal 
vesicle and developing infection hyphae (450). D) The extent of mycelial penetration arising from a single point of 
entry (270). E) A massing weft of hyphae beneath the epidermis with abstricting urediospores (>¢270). F) Pustules 
with liberating urediospores (138). 
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attaining the beginning of reproductive activity. How- 
ever, isolated attempts were made by the fungus to 
form uredia. No dense welts of hyphae were found. 
Host tissue died rapidly and fungus growth was 
stopped after the formation of a few abortive uredio- 
spores. Damage to the host plant was not localized 
within the immediate area contiguous to the mycelium 
after 240 hours. Chlorosis or the complete disintegra- 
tion of the chloroplasts, extended to whole areas of 
leaf tissue, at times engulfing the entire inoculated 
area of the seedling. 

4) Group IV.—In Group IV the substomatal vesi- 
cles and the infection threads developing from them 
appeared to be quite granular. No nuclei could be 
distinguished within the infection threads. The proto- 
plasmic contents of the infection hyphae were con- 
centrated in the elongating tips. Forty-eight hours 
after inoculation, host cells in the immediate vicinity 
of the elongating, little-branched infection hyphae 
showed a clumping of the chloroplasts accompanied 
by shrinking of the cell walls. Development of haus- 
toria appeared to be checked by a breakdown of the 
host tissue. In the vicinity of the substomatal cavity, 
areas of leaf tissue surrounded by vapid hyphae were 
reduced to dead, shriveled masses by 120 hours, al- 
though some infection hyphae penetrated deeper into 
the mesophyll. Maximum penetration of leaf tissue 
was attained by 144 hours. Only the elongating hyphal 
tips remained filled with protoplasm. The older por- 
tion of the mycelium was highly vacuolated. By 168 
hours it could be seen that the spread of mycelium 
within the inoculated leaf had been checked by the 
collapse and plasmolysis of the host cells. Necrotic 
areas developed. In leaf sections examined at success- 
ive intervals up through 216 hours following inocu- 
lation, the distinctness and staining characteristics of 
the contents of the host cell had been so altered that 
the cell appeared to have completely degenerated. 
Sections through areas of the inoculated leaves in 
which the mycelium had not penetrated appeared 
normal 244 hours after inoculation. 

Discussion.—In this investigation it was found that 
the entrance of the crown rust fungus into the oat 
leaf was similar in both the resistant and susceptible 
groups. Reaction between the host and parasite. how- 
ever, differed once entrance was established. This 
is in accord with the findings of Ward (13) in his de- 
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tailed histological investigation with P. dispersa on 
Bromus spp; of Marryat (8), working with P. glu- 
marum on wheat; of Newton (9), on behavior patterns 
of P. graminis tritici in wheat; of Ruttle and Fraser 
(10), with P. coronata of oats; and of Wellensiek 
(15), working with P. sorghi of corn. 


Although evidence of the true nature of resistance 
was not uncovered, the response of the host tissue 
invaded by the fungus from abrupt structural changes 
and death of the cells to the mutual survival of host 
and parasite is believed to indicate some inherent 
physiological or chemical attribute peculiar to the 
varieties themselves. 
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| Authoritative RONALD books for plant pathologists . . . 


Complete and well organized, this standard 
reference guide includes all of the important 
ornamental plants of the United States. It em- 
bodies many years of experience and testing 
and the research results of leading plant pa- 
thologists and entomologists. Book provides 


A full account of the genetic studies carried 


on for over forty years by Albert F. Blakeslee 
with several species of the genus Datura. This 
research constitutes one of the most thorough 
investigations ever made on a single group of 
plants—experiments and studies in the breed- 
ing, cytology, morphology, anatomy, physiology, 
embryology, geographical distribution, and 


This book deseribes vegetable diseases and 
their control in a form which utilizes the ex- 
tensive literature available and the authors’ 
long teaching and practical field experience. 
The history, causes, and symptoms of each 
pathogen are grouped according to the plants 
they affect. There are separate chapters on the 
control of seed rot, damping-off, wire stem, and 


Written by two leading authorities, this 
comprehensive book explains the broad inter- 
relationships between plants as economic re- 
sources and the diseases which limit their pro- 
ductivity. It relates general principles of phyto- 
pathology to the international distribution of 
plant pathogens, the etiology of major plant 
diseases, and fundamental considerations of in- 


An exhaustive presentation—on a_ world- 
wide basis—-of available knowledge about the 
smut fungi. Book covers historical aspects of 
the smut fungi; their phylogeny, morphology, 
and taxonomy. Describes the various techniques 
for research on the smuts; the effects of smuts 
on man, animals, and cultivated crops; and the 
control measures used to combat smut diseases. 


Publishers of CHRONICA BOTANICA BOOKS 


THE RONALD PRESS COMPANY) e@ 


DISEASES and PESTS of ORNAMENTAL PLANTS 


PASCAL P. PIRONE, BERNARD O. DODGE, Emeritus, and HAROLD W. RICKETT 
—all of the New York Botanical Garden 


a concise introduction to the problems of 
disease and pest control and tells why and 
under what conditions certain methods and 
substances should be used. “A comprehensive 
guide ... up to ABSTRACTS, 
3rd Ed., 1960. 775 pp., 221 ills. $10 


BLAKESLEE: The GENUS DATURA 


AMOS G. AVERY, SOPHIE SATINA, and JACOB RIETSEMA 
—all formerly Smith College Genetics Experiment Station 


evolutionary history of ten species in this genus. 
Includes the only known summary of the Datura 
nomenclature from 1753 to date. “A rare and 
fascinating account of an important part of the 
history of cytogenetics..—Beal B. Hyde, in 


Bios. Chronica Botanica: An _ International 
Biological and Agricultural Series, No. 20. 1959. 
289 pp.: 317 ills., tables. $8.75 


VEGETABLE DISEASES and THEIR CONTROL 


CHARLES CHUPP, Emeritus, and ARDEN F. SHERF 
—both Cornell University 


the general diseases which occur on many crops. 
Because: mineral deficiencies in soils often pro- 
duce symptoms that resemble pathogenic dis- 
eases, such deficiencies and their effects are 
discussed, as are nematodes and current prac- 
tices in soil sterilization. “. . . complete, ac- 
curate, and practical.’—Tue PLant Disease 
Reporter, 1960. 693 pp., 192 ills., tables. $12 


PRINCIPLES of PLANT PATHOLOGY 


ELVIN C. STAKMAN, Emeritus, University of Minnesota; 
J. GEORGE HARRAR, The Rockefeller Foundation 


ternational plant protection and disease con- 
trol. Emphasis is placed upon epidemic dis- 
eases of food crops. “Outstanding . . . the first 
presentation in book form of the international 
and humanistic aspects of plant pathology.” 

Kenneth F, Baker, University of California. 
1957. 581 pp.; 165 ills., tables. $9 


BIOLOGY and CONTROL of the SMUT FUNGI 


GEORGE WILLIAM FISCHER, Washington State University; and 
CHARLES STEWART HOLTON, U. 


S. Department of Agriculture 


Includes a host family register of over 1,100 
species of 33 genera with species catalogued by 
host family. “Clearly written and well organ- 
ized .. . indispensable to mycologists and plant 
pathologists..--THt GARDEN JOURNAL OF THE 
New York Botanicat Garpen. 1957. 622 pp.: 
117 ills., tables. $10 


Including: Chronica Botonica New Series of Plant Science Books — Chronica Betenice: An Internatione! Biclegical ond Agricultural Series 


15 East 26th St., New York 10 
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RIARCH PRODUCTS 


FINE MICROSCOPE SLIDES FOR DISCRIMINATING BIOLOGISTS 


As we prepare and sell only microscope slides, we are able to give you 


better quality, better service and better prices than you can get elsewhere. 


Remember, TRIARCH means ACCURACY, DEPENDABILITY, SERVICE 


Write for our new illustrated catalog No. Ila 


GEO. H. CONANT RIPON, WISCONSIN 


CONTROL 


potato seed piece rot 
up to 30 days with 


PHYGON-XL 


PHYGON®-XL is one of the most cconomical Phygon-XL is today’s cheapest, most effective 
and effective fungicides for destroying fungi organic fungicide for the control of fungus dis- 
which attack unprotected seed potatoes in the cases on fruit trees, row crops and ornamentals. 
ground. Phygon gives you better stands, higher 

vields, higher quality. Seed pieces won't rot up to Order your Phygon-XL from your local supplier 
30 days after treatment, hence planting can be today. Write, wire or phone us if unable to locate 
delayed in case of rain. immediate source of supply. 


United States Rubber 


Naugatuck Chemical Division 
276 H Elm Street, Naugatuck, Connecticut 


producers of seed protectants, fungicides, miticides, insecticides, growth retard- 
ants, herbicides: Spergon, Phygon, Aramite, Synklor, MH, Alanap, Duraset. 
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BIOLOGICAL ABSTRACTS 


is growing with the literature 


Secause of the phenomenal growth in biological research papers published origi- 
nally in thousands of journals throughout the world, an adequate abstracting and in- 
dexing service has become indispensable. Biological Abstracts searches out the significant 
contributions and publishes brief, yet informative, abridgments arranged according to 
subject matter. As well as the complete edition, it also is published in five comparatively 
low-priced sectional editions to meet the needs of individual biologists. 


Section D (Plant Sciences) affords a very complete coverage of the research in 
plant diseases and related subjects. Priced at $35.00 for 24 semi-monthly issues less 20°; 
to non-profit educational institutions, and 50% to individuals. The increase in subserip- 
tion prices, due to an increase in coverage of more than 100% in four years, was neces- 
sary—but the cost per abstract to subscribers is lower than ever before. 


BIOLOGICAL ABSTRACTS 


| University of Pennsylvania 
Philadelphia 4, Pa. 


—— On the occasion of the Golden Anniversary of the American Phytopathological — 
Society, the Committee on Phytopathological Classics presents its tenth CLASSIC: 


DEL MAL DEL SEGNO 
by Agostino Bassi (1773-1856) 
Translated into English from the Italian by P. J. Yarrow, University of Exeter 
Edited, and with an introduction, by 
G. C. Ainsworth, Commonwealth Mycological Institute, Kew 


Bound in cloth... . $1.25 


medicine and plant pathology.”"—-From the Intro- 


“The principle of pathogencity is now so familiar 
duction by G. C. Ainsworth. 


that it is difficult to appreciate the novelty of Bassi’s 


work and to understand the opposition it aroused 
in some. Others accepted the discovery, which was 
a precursor of those made shortly afterwards by 
Schoenlein and by Gruby (‘the father of medical 
mycology’) of the mycotic nature of human ring- 
worm, and it certainly influenced the Rev. M. J. 
Berkeley's findings on the cause of potato blight... . 
Bassi was a man of his time. He crystallized ideas 
that were becoming prevalent and by so doing 
assured for himself a place in the history of both 


“The importance of Bassi’s work has to a great ex- 
tent been overshadowed by that of Pasteur’s a few 
years later but his genius deserves greater recogni- 
tion than it has received. It was Bassi whose dis- 
coveries ushered in the dawn of the science of in- 
fectious disease. . . . Most writers of treatises and 


_ textbooks on infectious disease have yet to accord 


him the honor and credit he deserves.”.-—From 


MICROBIAL CONTROL—THE EMERGENCE OF 
AN IDEA by E. A. Steinhaus. 


Complete Sets of PHYTOPATHOLOGICAL CLASSICS 
Numbers 1] through 10, including those numbers that until lately have been out of print .. . $10.50 


Address orders with remittances to Robert S, Dickey, Treasurer, Department of Plant Pathology 
Cornell University, Ithaca, N. Y. 


Phytopathological Classics 


L. C. Knorr, Editor 


A Publication of the American Phytopathological Society 
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NEWS 
Editor: K. W. Kreirrtow, Plant Industry Station, Beltsville, Md. 


The Southern Division of the American Phytopath- 
ological Society will hold its annual meeting at Jackson, 
Mississippi, February 6-8, 1961 in conjunction with the 
58th Annual Meeting of the Association of Southern Agri- 
cultural Workers. 

Phytopathologist G. A. Gries, formerly Professor of Plant 
Physiology at Purdue University was recently appointed 
Head of the Department of Plant Pathology at the Univer- 
sity of Arizona. 

Plant pathologist Joseph Kuc will be on leave for the 
1960-61 year to conduct research on the biochemical nature 
of plant disease resistance at the State Agricultural Uni- 
versity, Wageningen, the Netherlands. 

Phytopathologist S. M. Pady, Head, Department of 
Botany and Plant Pathology, Kansas State College, Man- 
hattan, recently returned from England where he spent the 
summer working with Dr. P. H. Gregory, Head, Depart- 
-ment of Plant Pathology, Rothamsted Experimental Sta- 
tion. Visits were also made to other laboratories in Eng- 
land and Wales. 

A new division of the Society, to be known as the Carib- 
bean Division, is being formed. This has been the culmina- 
tion of efforts started in 1948, and a series of informal 
discussions among Caribbean-based members of the Society 
during various scientific meetings in the intervening years. 
The Caribbean Section of the American Society of Horti- 
cultural Science is inviting the Caribbean pathologists to 
meet with them March 26 to April 1, 1961, and while they 
are not in position to sponsor the establishment of the 
Caribbean Division A.P.S., they plan cooperative develop- 
ments between the two Caribbean organizations. Interested 
Society members in countries and States in the United 
States of this region are asked to communicate with F. L. 
Wellman, Box 516, Rio Piedras, Puerto Rico, as soon as 
possible. 

Professor Emeritus, FE. C. Stakman is spending the fall 
months in Mexico at the invitation of the Post-Graduate 
College of the National School of Agriculture, Chapingo. 
Plant pathologist R. L. Kiesling recently resigned from 
the Department of Botany and Plant Pathology, Michigan 


State University, East Lansing, to become Head of the 
Department of Plant Pathology, North Dakota Agricul- 
tural College, Fargo. 

A recent graduate, Walter C. Mueller, has accepted a 
position as Assistant Professor of Plant Pathology, South 
Dakota State College, Brookings, where he will be engaged 
in research on virus diseases of cereals and legumes. Dr. 
Mueller received his degree from Cornell University. His 
research at Cornell was with A. F. Ross and W. F. Rochow 
and was concerned with the development and use of the 
aphid-injection technique in work with potato leafroll and 
barley yellow dwarf viruses. 

Pathologists S. M. Pady and C. L. Kramer, Department 
of Botany and Plant Pathology, Kansas State University. 
Manhattan, have received a $13,800 U. S. Public Health 
Service grant to continue aerobiological studies. 

Plant pathologist J. F. Fulkerson, formerly with the For- 
age and Range Research Branch, Crops Research Division, 
Beltsville, Maryland, has assumed responsibilities as _prin- 
cipal plant pathologist with the State Experiment Stations 
Division, Washington, D. C. 

Mycologist Mrs. Irma Gamundi de Amos, of Argentina, 
who is associated with the University of Buenos Aires, has 
left the National Fungus Collections for New York City, 
where she will continue her work at Columbia University. 
Phytopathologist Philip J. Leyendecker is the new direc- 
tor of the New Mexico Extension Service. Dr. Leyendecker 
has been acting director since the death of Dr. Robert H. 
Black in April. 

Recent appointments within the Department of Plant 
Pathology, Cornell University include: Phytopathologist- 
Kenneth D. Hickey and Durward F. Bateman, and Ento- 
mologist Carlton S. Koehler. Dr. Hickey, a graduate of 
Pennsylvania State University, will carry on extension work 
in tree fruit diseases; Dr. Bateman, a Cornell graduate, 
will study the physiology of fungi, particularly those re- 
sponsible for root diseases; and Dr. Koehler, a Cornell’ 
graduate will conduct extension work on small fruit insects 
and diseases, as well as handle the entomology and plant 
pathology programs for pre-adult groups in New York. 


THE PRESIDENT’S COLUMN 


At the Green Lake meeting a number of innovations and 
changes were introduced into the operational procedures 
of our Society with the general objective of promoting a 
better exchange of phytopathological information. 

The greatest change is in committee structure and pro- 
gramming of the annual meetings. This change has been 
instituted on the recommendation of an ad hoe committee 
headed by Glenn Pound. In order to build an annual pro- 
gram around the subject matter fields of major interest to 
the Society, the Program Committee has been reconsti- 
tuted. It will be composed of the chairman of a series of 
subject matter committees. The Program Committee thus 
became a super committee of the Society. Its chairman 
will be the President-Elect. The nine subject matter groups 
presently represented will be: Bacteriology, Chemical Con- 
trol, Disease and Pathogen Physiology, Epidemiology and 
Meteorology, Host Resistance and Microbial Genetics, 
Mycology, Plant Nematology, Plant Virology, and Soil 
Microbiology. Additional representation will be given by 
the chairmen of four of the general Standing Committees, 
namely Extension, Industry, Public Relations, and Teach- 
ing. This committee of 15 members (the Secretary is also 
included), will plan the programs of the annual meetings 
several years in advance. Continuity will be maintained by 
having the chairman of the subject matter committees serve 
for more than one year. It is hoped that the interest of 
the programs and efficiency in planning will be much in- 
creased by having direct access to the various subject mat- 
ter fields. Greater emphasis will be given to the program 
ming of symposia, invitational research papers and con- 
ferences by workers in limited research areas. As far as 


possible the contributed paper sessions will be organized 
around the basic subject matiers rather than on a crop 
division. We believe this to be a necessity if our science 
of phytopathology is to grow and kcep abreast of advances 


in the other sciences. 

Furthermore, it is planned to sponsor limited programs 
apart from our annual meetings, with appropriate groups 
such as the American Institute of Biological Sciences, and 
the American Association for the Advancement of Science. 
These various expanded activities will naturally require 
additional financing. Thus, the Program Committee has 
been provided with a sizeable budget to carry out these 
worthwhile plans. 

In the field of publications significant changes in objee- 
tives and hence in committee structure also have been 
made. The chairman of a series of subcommittees will con- 
stitute the new overall Publications Committee. The sub- 
mittees are: Phytopathology, i.e., the Editorial Board of 
Phytopathology, Phytopathological Classics, Phytopathologi- 
cal Reviews and Monographs, Phytopathological News, and 
New Fungicide and Nematocide Data. Plans are now under 
consideration for a possible new approach to the Reviews 
and Monographs which for over a decade have been unable 
to get off the ground. The “News” initiated by K. W. 
Kreitlow, 12 years ago, is to be enlarged to provide more 
coverage pertaining back to our members and to plant 
pathology in general. 

Finally on the recommendation of a special committee 
to study Publications and Public Relations chairmanned 


by J. G. Horsfall we have instigated a column by the 
President. This constitutes the first-born. Here, the Presi- 


dent may editorialize or otherwise focus the attention of 
the members on matters of policy or issues deemed of 
interest. Fortunately for us all, guest contributors also may 
be invited, 

We believe in a democratic Society. To provide our 
members with a rostrum we heartily agree to the sugges- 
tion for a second column in Phytopathology for “Letters 
to the Editor.” We invite you to use it to the fullest extent. 
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AUTHOR AND SUBJECT INDEX. Junior authorship is indi- 


cated by page numbers in parentheses. Page numbers of 


abstracts 
APS, 1960 627 
Northeastern Division of APS, 1959, 239 
Pacific Division of APS, 1959 82 
Potomac Division of APS, 1960 549 
Southern Division of APS, {960 574 
aeromycology 
smuts in Kansas 332 
Afanasiev, M. M. (574 
Akai, Shigeyasu 657 
Albert, J. J. (57!) 
Alexander, Leonard J. 62 
alfalfa 
Aphelenchoides ritzema-bosi in, cuturing histopathcloay 
sna biochemistry 643 
Ascochyta imperfecta from, host range pathogenicity, and 
taxonomy 105 


Cephalosporium in, « ated with root rot 24 
Corynebacterium insidiosum in 

pathapenicity end. sability of strains 377, 390 

rapid screening for resistance 637 
Ditylenchus dipsaci in, culturing, histopatt yy and bi 


hemistry 643 

Leptodiscus terrestris in, host-parasite reations 416. 417 
419 

Meloidogyne hapla in, effect on growth |8 

Meloidogyne incognita in, effect on growth |& 

Phoma herbarum medicaginis in, effect of temperature 
black stem 628 

Pratylenchus pratensis in, effects of nematocias n nema 
tode 4nd host yields 656 

Pseudopeziza medicaginis in, screening for resistance 568 


residues of, effect on soil fungi 22 

root rot, associated with Cephalosporium 241 

seedling blight, effect of growing crops and crop residue 
on 22 

sensitive to atmospheric ozone 639 

Xiphinema americanum in, only known Dory aimoidea witt 


n Ne w York 658 
Allen, T. C., Jr. (847 
Allington, W. B. 627 


almond 
Rhizopus in 
tum ATIC } jetern nat 5646 
roie of tumaric acid in huil rot 646 
Sclerotinia in, relative pathogenicity of S. fruct 6 ana 


S 546 55( 556 
Al-Sohaily, Ibrahim A. 527 627 


Ambrosia artemisifolia, tcbacco ringspot virus in, ated 
from ymptomle host 2946 
Amphorophora rubi, vector of the two viruses in raspberry 


mosaic 570 


Andersea, Arne 427 
Anderson, C. D. (655 
Anderson, C. W. (73 
angular leafspot, see uncer strawberry 
annual meeting APS, 1959, proceedings 242 
antigenic analysis, extracts from healthy plants 644 
antisera, plant-virus, commercially produced, 
+ + 428 
Aphis helichrysi, vector of radish yellows virus 389 391 
epple 
Alternaria in, symptoms and species 65 
Botryosphaeria in, contro! with lead arsenate 57 
Botryosphaeria ribis in 


enzyme ydrolyzina cell wa 


CA 
y 


relation to rot 394, 397 
Ceratocystis fagacearum in, susceptibility of several var 


s affecting susceptibility 9 


illustrations are in bold face. A special listing is made of 
“new species, varieties, etc."’ 


apple (continued) 

ties 177 

Gloeodes pomigena in, morphological! and nutritional dif 
ferences of isolates 571 

Glomerella cingulata in, physiological factors affecting 
susceptibiltiy 91 

Neofabraea malicorticis in, physiological factors affecting 

ceptibility 91 


Physalospora obtusa in, physiological factors affecting sus 
ceptibility 91 

Podosphaera leucotricha in, biochemical! response of he 
844 


Pratylenchus penetrans in, seedling growth in response to 
noculation 237 
stem-pitting virus in, bark patch grafts for indexing 24! 
Venturia inaequalis in, biochemical response of host 844 
viruses in, a sensitive indicator apple clone 646 
apricot 
Sclerotinia in, relative pathogenicity of S. fructicola and 
S. laxa 550, 556 
virus-caused stunt of, relation to other stonefruit viruses 658 
Ark, Peter A. | /|82) 
Arnold, W. N. 578 
Arny, D. C. (290). (64! 
Asai, G. N. 535 
Ashley, T. E. (576 
Ashworth, Lee J., Jr. 627 
Atkin, J. D. (24!) 
Averre, C. W., UM 627 
Averre, Charles W., III (654 
avocado 
Phytophthora cinnamomi in, 
attraction of zoospores by roots 66U 
methods of isolation 87 
soil fungicides for prevention and therapy dou 
Aycock, Robert 574 
azalea, Ovulinia azaleae in, contro! with thiran 
bacteria 


new bacterium 
of ha 


£76 


cause iry r ; + field rose 647 
Corynebacterium insidiosum 
n alta fa 
rapid screening for resistance 637 
pathogenicity and stability of strains 377, 378 
Erwinia, in chicory, effect on electrical conductance 272 
Erwinia amylovora, culture media for viability studies and 
storage 685 
Erwinia chrysanthemi, in Dieffenbachia, associated wit! 
bacteria! stem rot 696, 697 
Erwinia cypripedii, n orchid, cause of bacterial brown 


rot 182 
Erwinia tracheiphila, culture and storage characterist 
179 
Pseudomonas in chicory. effect on electrica nductance 
272 
fruit, isolates associated with blast and canker 84 
in y. antagonism and syneraism with other organisms 
615 616, 618 
Pseudomonas andropogonis, in corn, apparent cause of 


unreported bacteria! stripe 906, 907, 908 

Pseudomonas caryophylli, in carnation, disease contro! by 
culture-indexing 356, 358 

Pseudomonas fluorescens, antagonism to Pseudomonas 
phaseolicola and other bacteria 119, 122 

Pseudomonas pastinacae, new bacterium, cause of bacteria! 
brown rot of parsnip roots 280, 281 

Pseudomonas phaseolicola, antaaonism by Pseudomonas 
fluorescens 119, 122 


Pseudomonas solanacearum 
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bacteria Pseudomonas solanacearum (continued 
is banana, strains in Costa Rica and relation to bacteria 
wilt of banana 660, 662, 663 
in Heliconia, relation to bacteria! wilt of banana 660 
662, 663 
in Physalis anqulata, relation to bacteria! w banana 
660, 662, 663 
in soil, in Costa Rica 654 
in tobacco 
oxidation rates of polyphen and ascorbic acid 
stem tissue 645 
virulence from avirulent-virulent mixtures 627 
in tomato, relation to bacterial wilt of banana 660, 662, 
663 
Pseudomonas syringae 
in cherry, susceptibility of mazzard seedlings 82 
in stone fruits, source of the inoculum 634 
isolates pathogenic on stone fruits, relationships an 
889, 891-893, 895-897 
Pseudomonas tabaci 
in tobacco 
behavior of resistanc e n B rey ana K y 61 77 
population studies in plant f varying resistance 655 
Xanthomonas campestris, in crucifers ntr with anti 
biotics 642 
Xanthomonas vesicatoria 
in pepper 
effect of fertilization 577 
screening for resistance 577 
variability in Florida 657 
in tomato 
influence of temperature and host age and nutrit 
360 
physiology of bacteria! spot 648 
variability in Florida 657 
bacterial spot, see (under tomato) Xanthomonas vesicatoria 
bacterial stem rot, in Dieffenbachia, Erwinia chrysanther 
associated with 696 697 
Bagnall, R. H. 460 
Baigent, Nancy L. 82 
Baker, Kenneth F. 82 
Baker, Ralph (354) 
Bald, J. G. 497, (578), 615, 628 
Baldwin, Robert E. 549 
banana 
Cercospora musae in, ntro! witt prays timed 
disease cycle 488, 490 
Fusarium in, physical barriers in relation to resistance 628 
Fusarium cubense in, role of pectic enzymes in resistar 
635 
Fusarium lycopersici in, + 
633 
Mycosphaerella musicola in 
fungistasis by petroleur B45 
precision spray technique tor eva 
69, 71 
nematode-free seed, preparation of 383 384 
Pseudomonas solanacearum in, strains in Costa 
relation to bacteria! wilt of banana 660, 662, 
Bancroft, J. B. 34, (643). 7! | 
Banfield, Walter M. 628 
barberry, Puccinia graminis tritic near, survival on wheat 40 
barley 
barley stripe mosaic virus in 
effect of temperature and host age on disease and seed 
infection 290, 292 
effect of temperature on concentration 64! 
Erysiphe graminis hordei in 
genes conditioning pathogenicity 647 
genotypes of host and pathogen 736 
inheritance of 5 genes conditioning pathogenicity 647 
extracts from healthy plants, antigenic ana ysis 646 
Helminthosporium gramineum group in, morphology. phy 
ology, and pathology 688 
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barley (continued) 
Helminthosporium sativum in, evaluating resistance by 
esion type 632 
hoja blanca virus in, transmission by Sogata orizicola 643 
loose smut in, preparing embryos for examination 270 
Meloidogyne javanica in, effect of host on nematode popu 
ation level 657 
Puccinia coronata avenae in, induced susceptibility to 630 
Puccinia graminis avenae in, induced susceptibility to 630 
Rhynchosporium secalis in, variations in pathogenicity 642 
Septoria passerinii in, role of straw in epiphytoloay 910 
911 
Ustilago nuda in, detecting viable mycelium after seed 
treatments 647 
Barnes, E. H. 844 
Barnes, George 5/4 
Barnett, H. L. (655 
Bart, George J. |77 
Barton, D. W. (654 
Bateman, D. F. 628 
bean 
alfalfa mosaic virus in, new strain, vein necrosis 226, 229 
Erysiphe polygoni in, inhibition by antibiotic produced by 
Streptomyces sp. 841 
multiple-disease-resistant variety, Great Northern | 140 574 
peach ringspot virus in, topical! susceptibility 659 
peach yellow bud mosaic virus in, topica! susceptibility 659 
possible new virus in, wide host range 655 
Rhizoctonia solani in, effects of decomposing qreen plant 
materials and associated microfloras 516, 518 
rust in 
effect of postinoculation temperatures 653 
cal necrosis associated with 653 
severe bean mosaic virus in 
a new virus from Mexico 334, 335, 336 
interaction with potassium aibberellate 525, 526 
Thielaviopsis in, influence of pH on root rot 628 
tobacco mosaic virus in, localized acquired resistance 74 
742 
tobacco necrosis virus in 
topical susceptibility 659 
topical susceptibility to cowpea strain 659 
bean strain, release and preservation by roots III 
top necrosis virus in, thought to be strain of tobacco rina 
spot 576 
Uromyces phaseoli typica in, nature and turnover 
ganic acids in 643 
vein necrosis virus in, new strain of alfalfa mosaic virus 226 
229 
Bean, George A. 628 
Beck, G. E. (652) 
Beckman, C. H. 628 
Bega, Robert V. 6! 628 
Bell, A. A. 629 
Benda, G. T. A. 629 
Benson, A. P. 23! 629 
bentgrass, Seaside, Rhizoctonia solani in, effect of nutrition 
pH, and soil moisture 532 
Beraha, Louis 474 
Berger, C. (63!) 
Berry, Robert W. 629 
Berry, S. Z. 298. 569 
Bingham, David J. (649 
birch, salt injury 240 
Birchfield, W. 629 
birdsfoot trefoil 
Leptodiscus terrestris in 
host-parasite relations 416 417, 419 
Xiphinema americanum in, 
only known Dorylaimoidea with in New York 658 
Blaak, G. (649) 
Black, D. S. (/29) 
Bloom, James R. (319) 532 (76!) 
Bloss, H. E. 569 
Bloss, H. W. (570) 
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blossom end rot, of tomato, effect of calcium and molybde- 
num 655 
blueberry 
necrotic ringspot virus in, cause of new disease 24! 
postharvest decay, effect of temperature 24! 
stunt virus in, wild sources in New Jersey 308. 310, 311 
boll rot, of cotton, organisms causing at various temperatures 
653 
Bolienbacher, Katharina (575) 
book listings 90 238, 328 402 
Boosalis, M. G. 629 
Boosalis, Michael G. 860 
Boothroyd, C. W. 239 
Boyce, John S., Jr. 775 
Bozarth, Robert F. (652) 
Bradley, R. H. E. (449) 
Brakke, Myron K. 629 
Brase, K. D. (240) 
Braun, Alvin J. 239 
Rraun, Armin C. (324) 
Braverman, Samuel W. 688 69! 
Brennan, E. (239). (570) 
Brennan, Eileen /86) 
Brevicoryne brassicae, vector of cabbage virus B, site of 
carriage of virus 649 
Brierley, Philip 404 569 
Brinkerhoff, L. A. (673) 
broccoli 
Peronospora parasitica in 
inheritance of resistance 241 
role of oospores in downy mildew 93, 94 
Brodie, Bill B. 673 
bromegrass, smooth, seedling blight of, influence of 
temperature and fungi present | 
broomrape, seed stimulation with gibberellic acid 772 773 
Brown, C. M. (84) 
Brown, Irwin F. 830 
Brown, Irwin F., Jr. 569 
Brown, R. E. 630 
Brown, R. T. (577), (655) 
Brown, William M., Jr. (649 
Browning, J. Artie 630 630 
Brun, W. A. (69) 
Buchanan-Davidson, D. J. | 
Buddenhagen, Ivan W. 660 
bunchy top, of tomato, with crease stem 577 
Burchfield, H. P. (4656) 
Burchfield, Harry P. (573) 
Burke, D. W. (655) 
Burkholder, Walter H. |79 280 
Butler, Edward E. 645 
cabbage 
Fusarium oxysporum conglutinans in 
xidative enzymes in host 370 
proteins in host 198, 201, 202 
Percnospora parasitica in, role of oospores in downy 
mildew 93 94 
cabbage yellows, see [under cabbage} Fusarium oxysporum 
conglutinans 
Cairns, Eldon J. (£76), (576), (784) 
Caldwell, Ralph M. 630 (454) 
Calpouzos, L. 69. (657), 865 
Caltrider, Paul G. 630 
Calvert, Oscar H. |36 
Cameron, H. Ronald 82 430 
Campbell, R. N. 63! 
cantaloupe 
curly top virus in, losses from late infection 327 
guttation, ‘caf injuries associated with 640 
Cappellini, R. A. (63) 
Carlson, Kester W. 574 822 
carnation 
Criconemoides curvatum in 
observation box for on living roots 573 
parasitism and pathogenicity 656 


carnation (continued) 
Fusarium oxysporum dianthi in 
disease contro! by culture-indexing 356, 358 
influence of nitrogen and potassium nutrition 636 
Fusarium roseum cerealis in, histochemical and morphologi 
cal studies 651 
Pseudomonas caryophylli in, disease contro! by culture 
indexing 356, 358 
carrot, Ceratocystis fimbriata in, fungitoxic compound iso 
ated from tissue 267 
Carter, H. E. (594) 
Carver, R. G. 575 
castorbean 
Pythium in, relations of variety, temperature, and seed im- 
maturity to pre-emergence damping-off 473 
Verticillium albo-atrum in, symptoms of wilt 85 
cedar (eastern red) 
Merulius lacrymans in, effects of environment on growth 633 
Phomopsis juniperovora in, survival in the nursery 639 
celery 
bacterial petiole spot of, caused by possibly new bacterium 
648 
Cercospora apii in, inoculum production and seedling 
evaluation 605 
cereals 
Helminthosporium avenae in, morpholoay, physiology, and 
pathology 688 
Helminthosporium bromi in, morphology, physiology. and 
pathology 688 
Helminthosporium gramineum in, morphology, physiclogy 
and pathology 688 
Helminthosporium phaeocomes in, morphology, physicloay 
and pathology 688 
Helminthosporium teres in, morphology, physiology, and 
pathology 688 
Pleospora phaeocomes in, Helminthosporium stage of 688 
cereals (winter), Meloidogyne javanica in, effect of cereals 
on population leve! 657 
Cetas, R. C. (635) 
Chaiet, L. (84!) 
Chamaecyparis thyoides, Sclerotium bataticola and Fusari- 
um in, immune to black root rot 653 
Changsri, Winit 63! 
Chapman, Richard A. |8! 43! 
Chapman, W. H. (576) 
Chattopadhyay, S. B. 434, 439 
chemicals 
acetic acid, on Cladosporium cucumerinum, toxicity of 781 
achromycin, on Xanthomonas campestris, treatment of seed 
of crucifers 642 
Acti-dione, on 10 fungi spp. concentration for inhibition 
870 
agrimycin, on Xanthomonas campestris, treatment of seed 
of crucifers 642 
Albamycin, on 10 fungi spp. 
870 
alcohols, on peach fruit-rotting fungi, effect on spores 790 
amino acids 
in cherry leaves, effect of mottle leaf and rasp leaf 


concentration for inhibition 


viruses 141 
n peach leaves, effect of Western X-disease and ring 
spot virus 14] 
in Prunus mahaleb leaves, effect of ringspot virus 141 
ammonia, in packages of oranges. effect on blue-areen 
mold decay 855 
Amobam, on Fusicladium effusum. very poor contro! on 
pecan 574 
antibiotics 
antifungal produced by actinomycetes, enrichment meth 
od for isolating 88. 88 
P.9, against Puccinia graminis tritici in wheat, half-life 
of 627 
Pimaricine, effect on several cacao fungi in vitro 638 
produced by Pullularia pullulans, activity of 82 
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chemicals, antibiotics nt chemicals (continued \ 
produced by strain of streptomyces griseus, partia j D-D 
fication and t } 8} activity OY ’ n nematodes. efect or urrence in tield bins 576 
antimetabolites n Pratylenchus pratensis, effects on nematode and al- 
5-phenylazopyrimidines, effect tig sticr tok — yields 656 
co mosaic wre 344 DDT, Ceresan M. rye seed treatment for Helmintho- 
pyrimidines, effect nultiplicat t tok mosa porium sativum and Sitophilus oryzae 576 
virus 344 Delsan A-D, rye seed treatment, for Helminthosporium 
Aramite sativum and Sitop} > oryzae 576 
n Diplocarpon rosae. | t rose 573 demeton 


on Tetranyct tela f at a Diolocart rosae for contr n rose 573 
Aureomycin a Tetranychus telarius for contro! in rose 573 
n 10 tung: tration nnibiticn Diazinon, on Pratylenchus penetrans, elemination f ts 


n Xanthomona Impes? mment eed t herr 455 
cruciters 642 Dibam, on Fusicladium effusum, very poor contr n pecan 
8-azaguanine, an toba mosa is, effects on replica 574 
tion RR ° 
|,2-dibromo-3-chloropropane 
B.22555, cn 10 fungi spy ncentration for inhibition 87( tral with rose root dip treatments 
B-856, on 10 fungi spy t trat for inhibition & 659 
biphenyl, in pack ge ' nges, effect on biue-gree n Pratylenchu ntrol with rose root dip treatments 
3 aecay 659 
14 
b yields 656 
4) 
dichlone 
C-272, on 10 fungi spr ntration f nhibit nt 
INéur f ra pniia era a 


vet 
calcium tton seed, effect termina 
oo uptake by tunai, relation t pid content of conidia 646 
aptan 
dichloroisocyanuric acid, cont: f Penicillium digitatum in 
n Dic be £72 


| citrus 83 
, dieldrin, wheat seed treatment. effect n germination ana 
ni r + ‘ nbinat wit rer 
y yreia 635 


£40 : conemoides. contro! with rose r + dio treatments 
659 
snapdragon rust, of temperature 242 
a rn Pratyler with r e Oic treatments 
rawt y co 
efact { + P 4 
f f P y 492 493 th Pratylenchus penetrans, effects on populations 640 
nts 49 
wheat eed treatment + nNinatior nd { Be ngicaudatus, contr n peanut 632 
Criconemoide ntrol with rose root dip treatment 
635 
659 
Catechol, on 10 fungi spy ncentration nhibition 87( 
r encr ntr with rose r air treatments 
eresan M, » DDT, ry { He Pe 
+h sporiun stivun ind top} ryzae 


n Pratvlenct vuln £4 


Pythiun Dimethoate, on Pratylenchus vulnus, elimination m 
yar beet, select f rose 654 
with mela p-dimethylaminobenzenediazo sodium sulfonate 
stivum and Sitoph n Phytophthora cinnamomi, prevention and therapy in 
cerium, uptake by funa nid f avocado 660 
Jin 646 n Pytt + um and Rt Z tonia s an n cotton ana 
a nrote »4 
chelators, reversal of fungitoxicity of 8-quinolinol 42 ctive protection 643 
nr yh 
Chemegro D- 113, rotiun ght 639 
wit ptake and trar at by seedlings 


n snaparag t of temr atu 247 

5-chloro-4- phenyl. dithiol One, M diribonucleic acid, on Prunu ntent of leaf tissue 630 
Alternaria dithiocarbamate, mono- and dialky! N-substituted. compara 
65 tive fungitoxicity 641 

5-chloro-4( p-tolyl) -1,2- 3-one, M nia fruct n- Codecyt guanidine acetate 
and Alternaria ; 3h dear f fungitoxicit fungu nidia, uptake and innate xicity O46 

colletotin, toxin produced by tot f 32 83 1 
326 n Saccharomyces pastorianus 


wit! 


ymino acid and suga tont ARO Dowfume W-85, on nematodes, effect on occurrence in 
naparagor etect of temr sture 242 field bins 


cycloheximide, against | 2 gran trit n wheat Dowicide B, on Meloidoayne ir ynita acr 
halt-life of 627 jlad 574 


cycloheximide semicarbarone, icumbe bioassay of Duramycin, on fungi spr ncentratior inhik 
system activit 870 
Cyprex, on Fusiclad eff { n pecan 574 Dyrene 
Cytovirin, ettect r eptidility and transn bility t n 10 fungi spp.. concentration for inhibition 87C 
potat vir y nF sdium eu contr n pecan 674 
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chemicals (continued) 
EN 18,133, on Meloidogyne incognita acrita, contr n 
gladiolus 574 
enzymes, systems analyzed in Ditylenchus  triform D 
dipsaci, and Pratylenchus zeae 9 
ethanol, production of by Thielaviopsis 632 
ethyl acetate, production of by Ceratocystis fimbriata 
planti and Thielaviopsis 632 
ferbam 
on Diplocarpon rosae for control in rose 573 
on Tetranychus telarius for control in rose 573 


filipin, inhibition of 77 fungi 594, 595-598 


formalin, on Meloidogyne incognita acrita, contr r 
gladiclus 574 
fumaric acid, produced by Rhizopus, role in hull! rot of 


almond 646 
fumigants, concentrations, automatic measurement 642 
fungicides, on Tilletia caries, vapor action ineffective 
wheat seed treatment 581 
gallic acid, on 10 fungi spp., concntration for inhibition 870 
glyodin 
on Colletotrichum capsici, effect on oxygen use and 
amino acid and sugar content 680 
uptake by fungi, relation to lipid content of conidia 646 
1,1,1,3,3,3-hexachloro-2-propanol, with fungi, action on sporu 
lation 640 
ionized, effect of charge on translocation through xylem 239 
isobutyl acetate, production of, by Ceratocystis fimbriata 
planti 632 
Karathene on |0 fungi spp., concentration for inhibitior 
870 
lead arsenate, on Botryosphaeria, contro! in apple 57! 
malathion 
sn Diplocarpon rosae, for contro! in rose 573 
on Tetranychus telarius, for contro! in rose 573 
with Ceresan 100, rye seed treatment for Helminth 
sporium sativum and Sitophilus oryzae 576 
maneb 
on Cercospora kikuchii, control on soybean seed 570 
n Colletotrichum capsici, effect on oxygen uptake 
presence of substrates found in oxidative pathways 
572 


n Diaporthe phaseolorum sojae, contro! on soybean seed 


nD carpon rosae for contro! in rose 573 
n Rhizocton 4 rot + toma? n+ tact 
laboratory, greenhouse, and field 570 
on Tetranychus telarius for control in rose 573 
MC.-2, cn nematodes. effect on occurrence in field bins 


576 
mercuric chloride, on Xanthomonas campestris. treatment 
seed of crucifers 642 


mercury 
on cotton seed. effect on termina! breakdown 658 
ptake by fungi, relation to lipid content of conidia 646 
methyl arsine sulfide, on Pythium ultimum and Rhizoctonia 
solani. in cotton and sugar beet. selective protectior 
643 
methyl bromide, on Colletotrichum fraqgariae ntr ir 
trawberry 575 
milk, effect on tobac mosaic virus 638 
Mycostatin, on 10 fungi spp., concentration for inhibitior 
870 
Mylone, on Sclerctium ro'f control in tomato 578 
nabam 
action on Fusarium oxysporum cubense 83 


sorption in soil 83 
8-naphthalene acetic acid, on strawberry, effect on Botryti 


-‘nerea and other oraanisms 657 


Nemagon 
n Me ido ncoqgnita acrita conrre n lus 
574 
n nematodes, effect on occurrence in field bins 576 
sn Pratylenchus vulnus 654 
neomycin, cn 10 fungi spp., concentration for inhibition 87 


chemicals (continued) 

New improved Ceresan, on Meloidogyne incognits acrita, 
control on gladiolus 574 

nickel chloride 
n Puccinia qraminis tritici in wheat 
half-life of 627 
effect on development of infected plants 640 

nickel dioctyl sulfo succinate, against Puccinia gramini 
tritici in wheat. half-life of 627 

nickel salts, on Puccinia menthae, contro! in mint 866 

nystatin, toxicity to spores of Botrytis, Diplodia tubericola, 
Monilinia fructicola, and Rhizopus 163 

oil sprays, timed to disease cycle to contro! Cercospora 
musae in banana 488, 490 

Orthocide Seed Protectant, rye seed treatment, for He! 
minthosporium sativum and Sitophilus oryzae 576 

Ortho-dibromo 8, on Pratylenchus vulnus, elimination from 
roots of rose 654 

ozone 
suse of plant injury 639 
n spinach, leat spotting resulting 570 

P-9, antibiotic produced by a Streptomyces sp. 841 

Panogen, on Pythium ultimum and Rhizoctonia solani in 
cotton and sugar beet, selective protection 643 

pentachloronitrobenzene 


on y bulbs, root rot contro! in combination with cap 
tan 636 
n Pythium ultimum and Rhizoctonia solani in cotton and 


sugar beet, selective protection 643 
n 10 fungi spp., concentration for inhibition 870 
petroleum oil on Mycosphaerella musicola, fungistasis ir 
banana leaves 865 
phorate 
on Diplocarpon rosae for contr n rose 573 
on Tetranychus telarius for contro! in rose 573 
Phosphamidan on Pratylenchus vulnus, elimination from 
roots of rose 654 
Pimacrin on 10 fungi spp., concentration for inhibition 870 
potassium gibberellate, interaction with severe bean mosaic 
virus in bean 525, 526 
propylene oxide, sterilization of agar media 868 
2-pyridinethiol-l-oxide, systemic disease contro! with 239 
pyrogallol on 10 fungi spp., concentration for inhibition 870 
quaternary ammonium chemotherapeutants, controlling 
translocation with cations and solvents 634 
8-quinolinol, fungitoxicity, reversal by amino acids and 
other chelators 421 
Rimocidin on 10 fungi spp., concentration for inhibition 870 
rose bengal, on !0 fungi spp., concentration for inhibition 


870 

semicarbazone of cycloheximide against Puccinia gramini: 
trit in wheat. half-life of 627 

silver, uptake by fungi, relation ¢ pid contert of conidia 
646 

sodium metabisulfate on 10 fungi spp., concentration for 


nhibit 870 
sodium pentachlorophenoxide on Sclerotinia lara and 
TrucTiC 4 effect ct combinat n with me fi r 449 
streptomycin 
absorption by hops as affected by Pseudoperonospora 
humuli 278, 278 


absorption, translocation, and retention in hops 35! 


ps 
n 10 fun spp.. concentrations inhibition R70 
n Xanthomonas campestr treatment of seed of cruci 
ters 642 
iptake by foliage, influence of cation competition, time, 
ana temperature 85) 
sulfur 
nN snapdraaon rust effect f temperature 242 
usty spot f peach. effective contro! 239 
ptake by fungi. relation to lipid content of conidia 646 


tannic acid on 10 fungi spp., concentration for inhibition 
870 

Telone. on nematcdes, effect on occurrence in field bins 576 

Terrachlor on Sclerotium rolfsii, contro! in tomato 578 


| 
| 
| 
| 
| 


chemicals (continued) 
terramycin on Xanthomonas campestris, treatment of seed 
of crucifers 642 
tetrin, new antifungal antibiotic, produced by Streptomyces 
sp. 817 
thimet on Pratylenchus. elimination from roots of rose 
orchid, and cherry 654 
thiram 
on 10 fungi spp., concentration for inhibition 870 
on Glomerella cingulata, re ting degradation of thirar 
651 
on Ovulinia azaleae ntr n azalea 576 
Thujaplicin on 10 fungi spr ncentration tor inhibit 
870 
tribasic copper sulphate 
on Cercospora kikuct ntr n yoean seed 570 
on Diaporthe phaseolorum 
570 
on Rhizoctonia fruit rot of tomat ntrol tests in labora 


tory, greenhouse, and field 570 


N-trichloromethylthiophthalimide, on Rhizoctonia fruit rot 


of tomato, control tests in laboratory, greenhouse, and 


field 570 
0,0,0-trimethyl phosphorothioate, on Phytophthora cinna 
momi, prevention and therapy in avocado 660 
ustilagic acid on |0 fungi spr r 
870 
Vapam 
on Meloidogyne incognita acrita nvr n giad 
574 
on Sclerotium rolfsii, contr n tomato 578 
victoxinine, isclation techniaue fron sltures of Helmir 
thosporium victoriae 324 
tineb 
on Cerc« spora kik nis nrr n yoean eed £70 


on Diaporthe phase rum ty vbean seed 


570 
on Diplocarpon rosae for ntr nN rose 3 
on Fusicladium effusun 
on snapdragon rust, effect of temperature 242 
on 10 fungi spp. necentration for inhibition 87 
on Tetranychus telarius tor nt n rose 573 
tiram on Fusicladium effusum. very poor contr n pecar 
574 
Chenopodium hybridum, assay host, for bromegrass mosa 
virus 632 
Chenopodium murale, tobbaco mosaic virus in, field occ 
rence 628 
Cheo, P. C. (884) 
cherry 
Cucumber mosaic virus in, juice transmission ¢ 
dead button in, 4 nontransmissible disorder. symptoms 87 


green ring mottle virus in, cause of epinasty reaction 495 


496 


little cherry virus in, reservoir ir wering cherry 188 


mottle leaf virus in, effect on free amino acids and amides 


141 
necrotic ringspot virus in, pollen transmission 624 
Pratylenchus in, elimination from roots with thimet 654 
Pratylenchus penetrans in, elimination from roots with dia 
zinon 654 
prune dwarf virus in, pollen transmission 624 


Pseudomonas syringae in, susceptibility of mazzard seedling: 


82 
rasp leaf virus in, effect on free amino acids and amide 
14] 
ringspot virus in 
effect on free amino acids and amides 1/41 
effect on yields 412 
separated from green ring mottle virus, 495, 496 
yellows virus in, effect on yields 412 
chestnut (Chinese), Merulius lacrymans in, effect 
vironment on qrowth 633 
chestnut (Japanese), Merulius lacrymans in, effects 
vironment on arowth 633 
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Chi, C. C. 631), 631 
chicory 
Erwinia in, effect on electrical conductance 272 
Pseudomonas in, effect on electrical conductance 272 
Chidester, J. L. (82) 
Chitwood, B. G. 63! 
Chiu, Ren-jong 632 
Christensen, Clyde M. (703) 
chrysanthemum, mosaic virus in, heat treatment 404, 406 
citrus 
Meloidogyne in, in Taiwan and New Delhi 63) 
Penicillium digitatum 
ammonia-generatina formulations for contro! in fruit 634 
control with dichloroisocyanuric acid 83 
Phytophthora in, separating isolates pathogenic to 83 
Phytophthora citrophthora in, girdiing to reduce size of 
yummosis lesions 83 
Phytophthora parasitica in, girdiing to reduce size 
JUMmMosiS lesions 83 
Thielaviopsis basicola in, pathogenicity and isolation m 
tield roots 86 
Clark, D. G. (239) 
Clayton, C. W. (653) 
cleome 
tobacco necrosis virus in 
release and preservation by roots ||| 
topical susceptibility 659 
clover 
Ascochyta caulicola in, cause of stem disease 643 
Heterodera trifolii in, in ‘eaves 866 867 
Mycosphaerella davisii in, cause of stem disease 643 
Mycosphaerella lethalis in, cause of stem disease 643 
stem diseases, incited by Mycosphaerella lethalis, M. davisii 
and Ascochyta caulicola 643 
tobacco ringpot virus, isolated from symptomiess host 296 
wound-tumor virus in, biochemica! studies of the root tumors 
651 
Xiphinema americanum in, only known Dorylaimoidea witt 
n New York 658 
clover (crimson), potato virus X in, a new host 659 
clover (red) 
Ascochyta imperfecta from, host range, pathogenicity, and 
taxonomy 105 
bean yellow mosaic virus in 
nes resistant to four isolates 323 
population necrotic-spotting 633 
Fusarium in, mechanism of wilting 631 
Leptodiscus terrestris in, host-parasite relations 416, 417, 
419 
Meloidogyne arenaria in, population development 631 
Meloidogyne hapla in, effect on growth 181 
Meloidogyne incognita in, effect on growth |8! 
root rots in Wisconsin, fungi isolated from 541, 546, 548 
tobacco ringspot virus in, natural occurrence 296 
viruses from, formation of loca! lesions on Gomphrena 
g obosa 636 
Cochran, G. W. 82 
Cochran, L. C. (70!) 
coffee, nematodes in, in Guatemala 63! 
Cohen, Sylvan 1. 239 
Colberg, C. (69), (865) 
Collins, R. P. 632 
Collins, Richard J. (627) 
Committee on Virus Type Culture Collection 425 
Condon, Patricia 267 
Converse, Richard H. 527, 570 
Cook, A. A. 73, 364, 632 
Cook, R. James 632 
Cooper, W. E. 632 
Corbett, M. K. 346 
Corden, Malcolm E. 83. 625 : 
corn 
barley stripe mosaic virus in, effect of temperature and 
host age on disease and seed infection 290, 292 
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corm (continued 
Diplodia zeae in 
nature of resistance 650 
ratina index tor stalk rot 46 148 
extracts from sapere plants, antigenic analysis 646 
fungi in, factors influencing storage deterioration 703 
706 
Gibberella roseum in, effect of nitrogen, phosphoru 
pota um 212 


Gibberella zeae in, rating index for stalk rot 146 148 
Pseudomonas andropogoni- 
ported bacteria! stripe 906 907, 908 
residues of, effect on fungi 22 
Trichometasphaeria turcica in, adaptat 
ceptible hosts 26! 
corn leat blight, 
turcica 
Cotter, Ralph U. 567 
cotton 
Alternaria in, cause of chlorosis of seedlings 575 
boll rots of, organisms 


in, apparently cause of 


under tunaus 


ausing at various temperature 


Criconemoides ornatum in, effect of resistant and su 


tible var n population 784 
emergence and terminal breakdown, effects of ten 
ture and seed treatment 658 
Fusarium in, etiology of wilt 763, 764 
Fusarium in, inheritar 
tance p by Meloidogyne ir jnita 
44 
Helicotylenchus nannus in, populat 


+ 


Heterodera glycines in, evaluation of rotation and fur 


+ n 635 


Hoploleimus tylenchiformis in 
ere resistant and suscepribdie var nm popula? 
population build-up and pathogenicity 576 

Meteidegyne incognita acrita in 
ere esistant ang susceptibdie var n populat 


pulation Dulid-up and parn Jer > 


n Upland seedlings 673 673, 675 


re tan 


Meloigodyne Miavenet incognita in, population bui 


anda pat jenicity 3/6 

Pratylenchus brachyurus in, effect of resistant and 
bie vars n population 784 

Pythium ultimum in, protection by seed and soil funa 
643 

Rhizoctonia solani in, protection by seed and 
643 

root-knot nematodes in, effect of resistant and 
var nm pop af n oT 5 

Rotylenchules soniformis in, population build 

ty 576 


INDEX 
cucumber 
cycloheximide semicarbazone on, bioassay of systemic 
activity 795 
Meloidogyne incognita incognita in, phys 3zical and 
biochemical studies on aa 650 
705 peach ringspot in, topical susceptibility 659 
tobacco necrosis virus in, topical susceptibility 659 


tant ana 


ungus) Trichometasphaeria 


Rotylenchus brachyurus in, population build-up and path 


+ 5 
y 2 


Siena christiei in, effect of resistant and suscept 


vars. on population 784 
Couch, Houston B. 3/9 (532) 76! 
cowpea 
peach yellow bud mosaic virus in, topica susceptibil't 
spotted wilt virus in, topical susceptibility 659 
tobacco necrosis virus in, *tonica eptibility 659 
Craig, Jeweus (865 
crease stem, in tomato, with bunchy top 577 
crinkle leaf, in plum, caused by gene? nstak 
701, 702 
Crittenden, H. W. (569) 570 
Crossan, D. F. 570 (572 680 
crown rust 
in oat, resistance + sparated m tib 
Helminthosporium victoriae 205, 206, 208 
in oat, varieties resistant to race 264. 657 
crucifers 
Alternaria in, species pathcaenic to 43! 


Xanthomonas campestris in, contre with antinotics 64 


usceptibility 659 
Erwinia tracheiphila 


yellow bud virus in, tovica 
cucurbit wilt, see (under bacteria 
Cunningham, John L. 432 
Cypress 
Sclerotium bataticola and Fusarium in, immune to black 
+ rae 653 
Stereum in, 8s ciation with pecky decay 570 
Merulius “none in, effects of environment on growth 
633 
Dahistrom, R. V. (6/2 
Daines, R. H. 239 
Daines, Robert H. |86. 57 
Dallimore, C. E. 83 83 
Daly, J M. (640), (643 
damping-off, see (under castorbean 
Das-Gupta, S. N. 43! 
Datura stramonium, 
rus 632 
Daucus carota, tobacco ringspot virus in, isolated from 
symptomless host 296 
Davey, C. B. (5/6 522 (650 
Davidson, Ross W. 570 633 
Davis, B. H. | | 63) 24) 
Davis, D. 84! 
Davis, James R. (84 634 
Davis, R. A. 633 
dead button, in cherry, nontransmissible disorder, symptom 
+ 
Deak, J. (84! 
Deese, Dawson C. 633 
del Rosaria, Maria Salome E. 709 
Desjardins, P. R. (650 
DeVay, J. E. (84), (646). (646 
Diachun, Stephen 323 633 
Dick, J. B. (44) 
Dickson, J. G. | 434 4 
Dickson, James G. (403 
Dickson, R. C. (327 
Di Edwardo, A. A. 570 433 
Dieffenbachia, Erwinia chrysanthemi in, associated with 
bacteria! sten + 696, 697 
Diener, T. O. 
Diener, Theodor O. 
Diener, Urban L. 2 
Dietz, S. M. [749 
Diller, J. D. 57! 
Dimitman, J. E. 83 83 
Dimock, A. W. (242 
Dimond, A. E. {240 329), 634, (634 
Dinoor, A. (562 
Dolliver, J. 239 
Doolittle, S. P. 7 
Downs, R. J. (639 
downy mildew, see Peronospora parasitica 
Dracaena sanderiana, Aspergillus niger floridanus var. nov. 
in, cause of stem rot 648 
Dropkin, Victor H. 442, 634 
Duffus, James E. 389 
Durbin, Richard D. (636 
Eckert, J. W. 83 634 (642 
Edgington, L. V. 239 
Edmunds, L. K. 
eggplant 
Alternaria melongenae in, influence 
size 486 
black root, see pliant) Meliolaceae 
Meliolaceae in, morpholoay and he 


assay host, for bromearass mosai 


w 
ve) 


ai 
r tun 
unce ung 


ubstrate on spore 
(under eqa 


st ranae 84 


653 
npera 
patno- 
n 784 
>n 784 
3-up 
+ pT 
cide | 
Die 
3th 
epricie 
y 
| 


eggplant [continued 
Pratylenchus penetrans in, 
dence 647 
Verticillium in, incider 
penetrans 64 4 
Ela, Victoria M. 
Elliott, Edward S. (569 
elm, Sclerotium in, new 
Elmer, O. H. 744 
Endo, R. M. 84 
Endo, Robert M. 634 
English, H. (84 
English, Harley 55 
Epps, James M. 63! 
strigosus, tobscco ringspot us in, 
Erwin, C. 64 
Exconde, Ofelio R. 
exocortis 
in- lime, effects on ar 
in orange, effect 
Farkas, G. L. 84¢ 
Feldmesser, Julius 63° 
Ferris, J. M. 635 
Fezer, Karl D. (9/0 
Fields, R. W. (287 
fir 
dwarf mistletoe on, | 
Merulius lacrymans in, ef 
Pholiota alnicola and P. squarrosa in 


and 633 
flax 
Fusarium oxysporum lini in 
extracellular enzyme and tox Juct 48 
HCN d 
flax wilt, see (under flax) -Fusarium oxysporum lini 


Flock, R. A. 327 

Flor, H. H. 223, 603 
Foley, D. C. |45 
Forbes, 1. L. 635 

Ford, Charles V. 677 
Fordyce, C. 4635 
Foster, H. H. 
Freeman, T. E. 57 
French, David W. (659 
Friedman, B. A. 272 
Frosheiser, Fred |. 
fruits, deciduous, viruses in nurseries, 


241 
Fry, P. R. 
Fuchs, R. J. (83 
fuchsia 
Phytophthora parasitica in 
cause of root disease 85 
nflu e of temperature 384 


J. F. 377. 394 
Fulton, Joseph P. 47 
Fulton, N. D. 575 
Fulton, Neil D. 
Fulton, R. W. 435 


fungi 
Alternaria 
swavtoms 
in Cruciferae pecies pat} 3 
Alternaria citri, irradia? espor 474 
Alternaria melongenae, f 
486 
Alternaria oleracea 
dodine on, uptake and innate toxicity 6464 
pid sntant nidia Dtake 
646 
two dithio one je vative 4 
city 650 
Alternaria sesami, cu tural’ \ snts 298 301, 302 
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fungi (continued 
Alternaria solani 
88 
ition by filipin 595-598 
Alterner ia n responses 476 


Aphonemyses euteiches 


. jek 275 
650 
Arthrobotrys “arthrobotrycides, n root-knot nematode 
+ +e 645 
Arthrobotrys conoides, on roct-knot nematodes, test 
645 
Arthrobotrys dactyloides, on root-knot nematodes, test 
Arthrobotrys musiformis, on Panaarellus redivivus. preda- 
is activity and growth 57 
Arthrobotrys oligospora, on Panaagre|lus redivivus preda 
is activity and growth 577 
Ascochyta caulicola, in clover, cause of stem disease 643 
Ascochyta imperfecta 
j je, pathogenicity, and tax 
Ascochyta pisi, |, f mycelium by natura 78 
Aapernns, population estimate washing to impr 
IZ 
Aspergillus amstelodami, n peanuts, of species frequen 
Aspergillus bac n peanut f species freq 
ye 220 
Aspergillus chevalieri, n peanut f spe fr t 
Aspergillus flavus 
temperature relation to k t 653 
tion by filipin 594, 595-598 
Aspergills glaucus, n peanut f specie 
Aspergillus 
ak ana inna toxicity 646 
tox n e 
49 
k 594 595-598 
by antibiotic produced by Strept es § 
¢ ect £ min 3 + 645 
protein synt 656 
tilization of C’*HsCOOH by 573 
ation t 1.1,1,3,3,3-hexa an 
640 
wet and dry st f reactions to temperature 85 
Aspergillus niger ashlee var. nov., in Dracaena sander 
ana, cause of stem rot 648 
Aspergillus repens, in peanuts. of species frequent in 
torage 220 
Aspergillus restrictus, in peanuts. of species frequent in 
rorage 22C 
Aspergillus ruber, in peanuts. of species frequent in 
Aspergillus tamarii, in peanuts, of species frequent in 


torage 220 


Prat 
tar 
Ww 
H 
nstrate 
fungitox 
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fungi (continued fungi (continued 
Botryosphaeria, in apple, contro! with lead arsenate 57) Cladosporium herbarum, wet end dry spores of, reactions 
Botryosphaeria ribis to temperature 85 i 
fungitoxicity of 8-quinolin reversal by amino acid Cochliobolus carbonum, genetics of compatibility in 158 | 
snd cther chelators 421 Cochliobolus victoriae, perfect stage of Helminthosporium 
apple victoriae 774 
ame vdrolyzing cell wall polysaccharides 258 Colletotrichum, enzyme production, pectinolytic and cellu 
phy tactc affecting s eptibility 91 ytic 659 
relation 46 rot 204. S07 Colletotrichum capsici 
Botrytis xygen uptake, effect of nce trates 
n onion, cause of blast 76, 76, 77 round: 
KyQe use and amir scid and content, effect 
rien Meats toxicity to spores 163 f pper and glyodin tungicides 680 
Botrytis allii Colletotrichum circinans, |y f mycelium by natura! soil 
nfluenc wing, curing, and storage 87 Colletotrichum fragariae, in strawberry, associated with i 
+ mmor + tryt rele causina biast 76 76, 77 summer k 575 
rradiation responses 474 Colletotrichum fuscum, colletotin, a toxin produced by 
Botrytis cinerea 325. 326 
nhibition by antibiotic produced by Pullularia pullulans Colletotrichum gloeosporioides, in vitro selective effect of 
82 Pimaricine on 638 : 
radiation response Colletotrichum lagenarium 
n strawberry enzyme production, pectinolytic and cellulolytic 659 
fluence of fungicides on 657 for bicassay of system activity of cycloheximide sem 
nitiation of fruit rot 491, 492, 493 carbazone in cucumber 795 
tomato, incidence changes from liming the 655 Colletotrichum lini, inhibition by antibiotic produced by 
ysis of mycelium by natura 787 Pullularia pullulans 82 
porulation, action of | 3,3,3-hexachloro-2-propan Colletotrichum phomoides 
64 nhibition by filipin 594, 595-598 
wet and dry spore t, reactions to temperature 85 y of mycelium by natural s 787 : 
Botrytis gladiolorum, asexual reproduction. vitamin Colletotrichum pisi, of mycelium by natura 787 
tion in relation to 24 Colletotrichum truncatum, (+ ma bean. resistance in 
Candida albicans PL.I9979! and 186984 573 
nhibitior Corynespora, in sesame, species pathogenic appeared 
by filipin 594, 595-598 dentical to C. ca a 263, 265 
by tetrin, antibiotic produced by Streptomyces 817 Cronartium fusiforme, in pine inoculation techniques 48 
Catenaria, in nematode virulent to several different 49, 50 
yenera 629 Cornartium ribicola 
Cephalosporium, in alfalfa associated with root rot 24] yermination of sporidia, effect of environment 61, 63, 
Ceratocystis fagacearum 64, 67 
n apple. susceptibility of several varieties |77 n pine (white), inoculations in mist chambers 657 
n Chinese oak, effect of temperature and moisture or Cylindrocarpon radicicola, in |ily, antagonism and syner 
wilt 640 gism with other organisms 615, 616, 618 
n cak in North Carolina, distribution in roots 775 Cytospora, canker in stone fruit trees, occurrence in Cali- 
y t mycelium by natura 787 tornia 84 
with Hypoxylon punctulatum, nutritional competition 573 Cytospora leucostoma, occurrence in canker of stone fruit 
Ceratocystis fimbriata trees, tentative identification 84 
n carrot, fungitoxic compound isolated from tissue 267 Cytospora rubescens 
n potat hanges in host proteins 655 n stone fruits, pathogenic variation of isolates 86 
perithecia, effect f nitrogen and calcium on formation inhibition by antibiotic produced by Pullularia pullulans 
631 82 
Ceratocystis fimbriata planti, esters produced by 632 ccurrence in canker of stone fruit trees, tentative 
Ceratostomella fimbriata dentificaticn 84 
in sweet potato, metabolic alterations induced 30 Dactylaria brochopaga, on root-knot nematodes, tests for 
n vite elective effect of Pimaricine on 638 contro! 645 
Cercospora antirrhini, in snapdragon. cause of stunting Dactylaria thaumasia 
and defoliation 190 191 n Panaqrellus redivivus, predacious activity and growth 
Cercospora apii, in celery. incculum production and seed- 577 
ing evaluation 605 on root-knot nematodes, tests for control 645 
Cercospora capsici, in pepper, effect of fertilization 577 Dactylella, on Panagrellus redivivus, predacious activity 
Cercospora kikuchii and growth 577 
n basal! liquid medium, effect of amino acids and sugar Dactylella ellipsospora 
n growth £69 on Panaarellus redivivus, predacious activity and growth 
n ybean, contro! on seed 570 577 : 
Cercospora musee, in banana, contro! with prays timed on root-knot nematodes, tests for contro! 645 
+o disease cycle 488 490 Diaporthe batatatis, in sweet potato, effect of bed tempera 
Cercospora sojina, inhibition by filipin 594, 595-598 ture and seed dip on incidence of sprout decay 186 : 
Cladosporium Dicporthe phaseolorum sojae : 
n peanuts. of species frequent in storage 220 in basal liquid medium, effect of amino acids and sugars : 
rradiation responses 474 arowth 569 
Cladosporium cucumerinum is soybean, contro! on seed 570 ' 
acetic acid on, toxicity of 78| Diplocarpon rosae ' 
growth, effect of temperature, pH, and nutrients 583 n rose 
y of mycelium by natura! soi! 787 control with fungicide-acaricide combination 573 
Cladosporium fulvium, in tomato. resistance of varieties 637 eaflet assay of susceptibility 572 
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fungi (continued 
Diplodia natalensis, irradiat 
Diplodia theobromae, in vit 
on 638 
Diplodia tubericola, nystat 
Diplodia zeae 


n corn 


nature 
rating index talk 
nhibition by filipin 594 
Erysiphe cichoracearum 
n lettuce 
effect f tempera? 
relation fr f nat 4 
Erysiphe graminis, in wheat 
duced by Strept 


Erysiphe graminis 


in bar ey 
yenotype 
nh eritance + 5 
Erysiphe tritici, 
parasite relations 454 


Erysiphe vit n bear 
duced by Strept 

Exidia recisa, inhit 

Fomes annosus, inh't 


Fusarium 
y hi r WwW +r 
n ma pny 
at 
n + nat 
23 trea specie 
n vitr ele + 
popuilat 
192 
Str Nyce 
Trick 


Fusarium lycopersici 


n banana, role 


Fusarium moniliforme 


46 148 


595-598 


594 


594 


764 


temperat 
n red ver n + A 
nhibition by filipin 594, 595-598 


Fusarium oxysporum 


bioassay of 
ba t 
elat to Rad 
n ynftaq nr 
615. 616, 618 
n marigold, isola 
n red 


Tar 62 626 


nhibition by filipin 594, 595-598 


Fusarium oxysporum cubense 
nabam activity aaqainst 83 

Fusarium oxysporum conglutinans 
n cabbaae 

xidative enzyme 
n radish re tan Q ? Sil, 


production pe 


in re at nf 
Fusarium oxysporum dianthi. 
in carnat n 
disease contr 
of and 


+ 198, 201, 202 


813 
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595-598 
595-598 


cA 


4| 546, 548 


fungi ntinued 
Fusarium oxysporum gladioli, in glad resistance of 2 
varieties and 3 species 572 
Fusarium oxysporum lini 
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a mutat tor re tan a 


i geneti¢ t resistance 364 
} nheritance of resistance 73 
tobacco etch virus in 
genetics of resistance 
pathological hist 458 
tobacco mosaic virus in 
effect of air temperature 
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ago nuda 647 
seedling reaction, Thielaviopsis basicola 
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nfluence of moisture stresses 319, 320 
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ERRATA, VOLUME 49 
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Page 12 fig. | caption line 5 from bottom: read «M for 
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Page 22 authors’ address: read Department of Botany 
and Plant Pathology 
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plant 
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Page 163 second article line 17: read Endoconidio- 
phora for Endothia 

Page 172 table 2 footnote a line 5: read trial IL for 
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Page 185 table 1 footnote a: read nitrite in for nitrate 
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Page 216 column 1 line 5: read the acid for the acetic 
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Page 225 page heading: read FLOR for FLORA 
Page 243 column 2 line 16: add the name Ellen L. 
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Page 337 table 4 line 13 “Mexican virus” column 
“Transmissions”: read M for MS 
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Page 566 citation 2: read Uredineen for Uredinen 

Page 574 column 1 line 3 from bottom: read seab for 


scale 

Page 574 column | line 15 from bottom: read 2 Ib for 
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for 2 mg 
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Page 640 column | line 5: read 1:3 for 1:1 

Page 643 column 2 first full abstract line 8 from boet- 
tom: read rice for rye 
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At the root of a 


problem... 


Smaller than these dots . . . the nematode 
is destructive enough to cause more annual 
damage to agriculture than any insect 
known to man. 


Nematodes choke off the roots of plants 
so that nourishment which would normally 
be gained from the soil is severely reduced. 
When nematodes invade a field, the plants 
wither, their growth is stunted and in ex- 
treme cases the plants die. 


Shell Chemical Company, a pioneer in 
the field of nematology, working closely 
with federal, state and local agricultural 
specialists, has developed two outstanding 
soil fumigants for protecting plants from 
nematode damage. They are D-D® Soil 
Fumigant for preplanting application and 
Nemagon® Soil Fumigant, a potent soil 
fumigant which can be used for treating 
living plants. Both of these products have 
been used by farmers all over the world in the 
never-ending battle against the nematode. 


This is just another example of how Shell 
Chemical Company is helping the agricul- 
tural community grow bigger, better yields 
for a growing America. 


SHELL CHEMICAL COMPANY 


AGRICULTURAL CHEMICALS DIVISION 
110 West Sist Street, New York 20, New York 
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Media for 
MYCOLOGY 


DIAGNOSTIC 


. . . for the isolation, identfiication and cultivation of pathogenic 
fungi. These media are also widely used in phytopathological studies. 
Several are neutral in reaction, giving optimum conditions for growth 
of a variety of fungi. The following may be prepared as selective 
media by the adjustment of reaction, addition of antibiotics or other 


agents: 

Bacto-Brain Heart Infusion Agar Bacto-Mycological Agar 
Bacto-Sabouraud Dextrose Agar Bacto-Mycological Broth 
Bacto-Sabouraud Maltose Agar Bacto-Corn Meal Agar 


Bacto-Littman Oxgall Agar Bacto-Corn Meal Agar with Dextrose 
Bacto-Bean Pod Agar Bacto-Prune Agar __ Bacto-Lima Bean Agar 


CONTROL 


.. . for sanitary and sterility procedures as well as for general use in 
mycological procedures: 

Bacto-Sabouraud Maltose Broth Bacto-Neurospora Culture Agar 
Bacto-Sabouraud Liquid Medium Bacto-Potato Dextrose Agar 
Bacto-Malt Extract Bacto-Mildew Test Medium 
Bacto-Malt Agar Bacto-W.L, Nutrient Medium 
Bacto-W.L. Differential Medium 


CLASSIFICATION 
... and nutritional studies of fungi: 


Bacto-Yeast Morphology Agar Bacto-Czapek Dox Broth 
Bacto-Yeast Carbon Base Bacto-Czapek Solution Agar 
Bacto-Yeast Nitrogen Base Bacto-Vitamin Free Yeast Base 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
is available on request. 
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